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(57) Abstract: Compounds of a certain fonnula (1), in which Rl, R2. R3, R31, R4, R5, R6 and R7 have the meanings indicated in 
the description, are novel effective PDE4 inhibitors in which R7 is a radical of fonnulae (a), (b), (c) or (d). 
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NOVEL GTONIDINYL-SUBSTITUTBD HYDROXY- 6- PHENYL PHENENTHRI DINES AS EFFECTIVE 
PHOSPHODIESTERASE (PDE) 4 INHIBITORS 

Field of aP Dllcation of the Invention 

The invention relates to novel guanidlnyl-substituted hydroxy-B-phenylphenanthridine derivatives, 
which are used In the phaimaceutlcal Industry for the producHon of phamiaoeutlcal compositions. 

Known technical background 

The International Patent applications W099/571 18 and WO02/05616 describe e- 
phenylphenanthridines as PDE4 inhibitors. 

In the International Patent application WO99/051 12 substituted 6-aikylphenanthridines are descrit)ed 
as bronchial therapeutics. 

In the International Patent application WO02/066476 benzonaphthyridine derivatives are described 
which have a guanidyl substituenL 

In the European Patent appGcalion EP 0490823 dihydrofeoquinoHno derivatives are described which 
are useful in the treatment of asthma. 

The International Patent application WO2004/018431 discloses 6i5henylphenanthridines as PDE4 
inhibitors. 

The intemaUonat Patent application WO02/066476 discloses frphenylbenzonaphthyridines as PDE4 
inhibitors. 

The US-Patent 0864760251 discloses 6-phenylphenanthridines as PDE4 Inhibitors. 

The US-Patent US63068691 discloses benzonaphthyridine N-oxides as PDE4 inhibitors. 

The International Patent applications WO2004/019944 and WO2004/019945 dtedose hydroxy- 

substituted 6-phenylphenanthridines as P0E4 inhibitore. 

Description of the Invention 

It has now been found that the novel guanidlnyl-substituted 2- or 3-hydroxy-6-phenylphenanthridlnes 
described in greater detail below differ from the previously known compounds by unanticipated and 
sophisticated structural alterations and have surprising and particulariy advantageous properties. 

The invention thus relates to compounds of formula 1. 
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R1 



R2 




R31 



R5 



(1) 



f— R6 




R7 



in which 

R1 is hydroxyl, 1-4C-alkoxy, 3-7C-<ycloall(oxy, 3-7C-cycloallcylmethoxy, 2^-difluoroethoxy, or 

completely or predominantly fluorine-sul>stituted I^Oalicoxy, 
R2 is hydroxyl, 1 -4C-alko;Qr, 3-7C-Gycloalkoxy, 3-7C-cycloall«yImethoxy, 2,2-difluoroethoxy, or 

completely or predominantly fluorine-substituted 1-4C-all(0xy, 
or In which 

R1 and R2 together are a 1-2C-allcylenedioxy group, 
R3 is hydrogen or 1 -40ali<yl, 
R31 is hydrogen or 1 -4C-aikyt, 

either, in a first embodiment (embodiment a) according to the present invention, 
R4 ls-0-R41.inwhIch 

R41 is hydrogen, 1-4C^kyl, completely or predominantly fluorine-substituted 1-4C-aIkyl, 

alko)v-1-4C-alkyl, hydroxy-2-4C-alkyl or 1-7C-all<ylcarbonyl, and 
R5 is hydrogen or 1 -4C-alkyi, 

or, in a second embodiment (embodiment b) according to the present invention, 
R4 is hydrogen or 1 -4C-alkyi, and 
R5 is-0-R51,inwhich 

R51 is hydrogen, 1-40alkyl, completely or predominantly fluorine-substituted MC-alkyI, 1-4C- 
alko)v-1-4C-alkyl, hydroxy-2-4C-alkyl or 1-7C-alkylcarbonyl, R6 is hydrogen, halogen, nitix), 1- 
40all;yl, trifluoromethyl or 1-4C-alkoxy, 

R7 is a radical of formulae (a), (b), (c) or (d) 




R12 
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in which 

if R7 is a radical of the formula (b), 
either 

R8t R9, RIO and R1 1 independently of one another are hydrogen, 1-7C-alkyi, 3-7C-cycloalkyl, 
3-7C-cycloalkylme1hyl, (^ano, hydroxy-2-4C-alkyl, 1-40alkQxy-2-4C-alkyl or R28, 

or 

R8 is hydrogen, 1-7C-all^. 3-7C-cycloalkyl, 3-7C-cydoalkylmethyl, hydroxy-2-4C-alkyl, 1-4C- 
aIkoxy-2-4C-alkyl or R28. | 
R9 is is hydrogen, 1-7C-alkyl, 3-7C-<^cloalkyl, 3-7C-(^cloall^methyl, hydro)v-2-4C-alkyl, 1- 
4C-ail<oxy-2-4C-aikyl or R28, and 

RIO and R11, together and including the nitrogen atom to which both are bonded, are a pyrrolt- 
dln-1-yl, piperidin-1-yl, azepan-1-yi, azocan-1-yi, azonan-1-yl, azecan-1-yl, morpholin-4-yl, 
tetrahydroisoquinolirv-2-yl, tetrahydro-6,7-dimethoxyisoquinolln-2-yl, 3,5-dimethyi-pynazol*1 -yl, 
pyrazoM-yl, 2»6-dimethyl-morpholin-4-yl, 2,6-dlmethyl-piperidin-1-yl, 4-benzyl-piperidin-1-yf, 
thiomorpholin-4-yl or 1H-1,2,4-triazol-1-yl radical, or a piperazin-1-yl radical substituted in 4- 
positionby R19, 

or i 

1 

R8 is hydrogen, 1-7C-alkyl, 3-7C-cycloalkyl, 3-7C-cycloalkylmethyl, hydroxy-2-4C-alkyl, 1-4C- I 
alkoxy-2-4C-alkyI or R28, i 
R9 Is hydrogen, 1-70alkyl, 3-7C-cycloalkyl. 3-7C-cycloalkylmethyl, hydroxy-2-4C-alkyl, 1-4C- | 
alkQxy-2-4C-alkyl or R28, 

RIO is hydrogen. 1-7C-alkyl, 3-7C-<5ycloallqrl, 3-7C-Q(cloalkylmethyl, hydro)cy-2-4C-alkyl. 1-4C- j 
alkoxy-2-4C-aIkyl or R28, and 

R11 Is Aryll, naphthyl, phenyl, phenyl substituted by R20 and/or R21, phenyH-4C-alkyi or 
phenyl-1-4C-alkyl substituted by R22 and R23, 

In which 

if R7 is a radical of the formula (c), 

■ 

either 

R12, R13, R14 and R15 independently of one another are hydrogen, 1-7C-alkyl, 3-7C-cyclo- 
B\\y\, 3-7C-cycloalkylmethyl, hydroxy*2-4C-alkyl, 1-4C-alkoxy-2-4C-alkyl or R28, 

or 

R12 and R13 independently of one another are hydrogen, 1-70alkyi, 3-70cycloalkyl, 
3-7&<^cloalkyimethyl, hydroxy-2-4C>-alkyl, 1-4C-alkoxy-2-4C-atkyi or R28, and 
R14 and R15, together and including the nitrogen atom to which both are bonded, are a pyrroli- 
dln-1-yl, piperidin-1-yl, azepan-1-yl, azocan-l-yl, azonan-1-yi, azecan-1-yl. morpholin-4*yl, 
tetrahydroisoquinolin-2-yl, tetrahydro-6,7-dimethoxyisoquinofin-2-yl, 3,5-dimethyl-pyFazoi-1-yi, 
pyrazol-1-yli 2,6-dimethyl-morphoIin-4-yl. 2,6-dimethyl-piperidin-l-yl, 4-benzyl-piperidin-1*yl, 
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thiomorpholirv4-yl or 1H-1,2,44ridzol-1-yl radical, or a piperazin-1-yl radical substituted in 4- 
position by R19, 

R12 and R13, together and induding the nitrogen atom to whidi both are bonded, are a pyrroli- 
din-1-yl. piperidin-1-yl, azepan-1-yl, morpholino-4-yl, 4-(1-4C>alkyl->-piperaan-1-yl, 2,6-dl- 
methyl-morpholin-4-yl, 2,6-dimethyl-piperidin-l-yl, 4-benzyi-piperidin-1-yi or thbmorpholin-4-yi 
radical, and 

R14 and R15, together and induding the nitrogen atom to which both are bonded, are a pyrroli- 
dln-1-yl, piperidin-1-yl, azepan-1-yl, morphoHno-4-yl, 4-(1-4C-alkyl-)-piperazin-1-yl, 2,6- 
dimethyl-morpholin-4-yl, 2,6-dimethyl-piperidin-1-yl, 4-benzyl-piperidin-1-yl or thiomorpholin-4- 
yl radical, 

R12 and R15 independently of one another are hydrogen or 1-4C-atkyl, and 

R13 and R14, together and with inclusion of the N-C(=:}-N structure to which they are bonded, 

are a hexahydropyrimidin-2-ylidene or imidazolidin-2-'ylidene radical. 



in which 

if R7 is a radical of the formula (d), 

R16 Is hydrogen, 1-7C-aIkyl, 3-7C-cycloaIkyI, S-TOcydoalkylmethyi, hydroxy-2-4C-aIkyl, 1-4C- 
alko)^-2-4C-alkyl or R28, and 

R17 and R18, together and with inclusion of the N-C(*)-N structure to which they are bonded 
areAryl2, 

Aryll is 4-methyithiazol-2-yl, benzimidazol-2-yl, &-nltrobenzimidazol-2-yl, 5-chlorobenzimiddzol-2-yl, 
5-methylbenzImidazot-2-yt, 4-methylquinazolin-2-yi, ben2X>thiazol-2-yl, ben2mazDi-'2-yl or 
pyrimidin-2-yl, 

Aryi2 is 1-methyl-4-oxo-4,5-dihydn>-1H-imidazol-2-yl. imidazol-2-yl, 4,5-dicyano-imidazol-2-yi, 4Hme- 
thyMmidazol-2-yl, 4-ethyl-benzimidazol-2-yl, 4-acetyl-imidazo|-2-yl, 1H-[1,2,4]triazol-3-yl, benz- 
lmidazol-2-yl, 1-methyi-benzimidazol'-2-yi, 1-ethy)-benzimidazol-2-yl, 5,6-dimethyl- 
benzimidazo('2-yl, purin-8-yl, 6-amlno-7-methyl-7Hi3uiine-8-yl» 1 ,6-<llmethyllmjdazo[4,5- 
b]pyridin-2-yl, 1,5,6-trimethylimIdazo(4,5-b]pyridin-2-yl, 1,3-dimethyl-3,7-dihydro-1H-purine-2,6- 
dione-8-yl, 7-^thyl-^-methyl-3,7Kiihydro-purine-2,6-dione*^yl, 1,3,7-trimethyl-3,7-dihydro- 
purine-2,6-dione-8-yl, thiadiazoiyi, 1 ,4-dihydrotetrazol-5-yl, 1H-[1,2,4]triazol-3-yl, 
1,3-dihydrobenzimidazol-5-yl, 1 H-tetrazol-5-yl. pyrimidin-2-yl or 4,6-dimethyl-f>yrimidin-2-yl, 

R19 Is 1-4C-alkyl. fbrmyl, 3-7C-cydoall«yl, 3-7C-cydoalkylmethyl, 1"4C-^lkoxycarbonyM-4C-aIkyl, 
1-40alkylcarbonyl, hydroxy-2-4C-«Ikyl, 1-4C-alkoxy-2-4C-alkyl, hydroxy-2-4C-aIkoxy-2-4C- 
alkyl, 1-40alkoxy-2-4C-alkoxy-2-4C-aikyl, phenyl, phenyl substituted by R24 and/or R25, 
[benzo(1,3)dioxoI]^ylmethyl, phenyl*1-4C-alkyl or phenyl-1-4C-alkyl substituted in the phenyl 
moie^ by R26 and/or R27, 

R20 is halogen, nitro, carboxyl, 1-4C-alkyi, trifluoromethyi or 1-4C-alkoxy, 
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R21 is halogen. 1 -4C-aIlqrl or 1 -ACsikaxy, 

R22 is halogen, nitro. carboxyl, 1 -4C-alkyl. trifluoromethyl or 1 -4C-alkQxy. 
R23 is halogen, 1-4C-a!l^ or 1-4C-alkoxy, 

B2A is halogen. nItro, caitoxyl. 1-4C-alkyl. 1-4C-a!kylcarbonyl, trifluoromethyl or 1-4C-alkQxy, 

is halogen, 1 -4C-alM or 1 -4C^lkoxy, 
R26 is halogen. nItro. carboaqd, 1 -^IC-allqrt, trifluoromethyl or 1 -AOsAkaxy. 
R27 is halogen, 1-4C-aiM or 1-4C-alkoxy, 
R28 is l^(R30)N-2-4C-alkyl wherein 

R29 and R30, together and including the nitrogen atom to which both are bonded, are a pyrroIWIn-l- 
yl. piperidln-1-yl. plperazin-1-yl. 4-(1-4C-all<yl-)pipera2ln-1-yl. azepan-lyl. a2X)can-1-yl, azonan- 
1-yl, azecan-1-yl, tetrahydroisoquinolin-2-yl, tetrahydro-6.7-dimethoxyisoquinolin-2-yl. 3,5- 
dimethyl-pynazDl-l-yl. pyrazol-1-yl, morphonn-4-yl. 2.6-dimethyl-morpholln-4-yl, 2,6-dimethyl- 
piperidin-1-yl, 4-ben^-piperidin-1-yl. thlomorpholin^yl or 1H-1,2Atria2ol-1-yl radical, 

the salts of these compounds, as well as the N-oxides, enantiomers. E/Z isomere and tautomere of 

these compounds and their eaite. 

1- 4C-Allqrl represents a straight-diain or branched alkyi radical having 1 to 4 carbon atoms. Examples 
which may be mentioned are the bufyl, isobutyl, seo-butyl, tert-butyl, propyl, isopropyJ and, preferably, 
the ethyl and methyl radicals. 

2- 4C-AIM represents a straight-chain or branched all^ radical having 2 to 4 carbon atoms. Examples 
which may be mentioned are the butyl, isobutyl, sec-butyl, tert-butyl, propyl, Isopropyl and. preferably, 
the ethyl radicals. 

1-4C^ko)ty represents radicals whteh, In adcOtion to the oxygen atom, contain a straight-chain or 
branched alkyi radical having 1 to 4 carbon atoms. Examples which may be mentioned are the butoxy, 

isobutojv, seo4juto;v» tert-butojy. propo}^, Isopropo}^ and, preferably, the ethoxy and methoxy radi- 
cals. 

3- 7C-Cycloall«ixy represents, for e}rample. cyclopropyloxy, cydobutyloxy. cyciopentyloxy. 
qrdohexyloxy and Qrcloheptylo)^, of whteh <^opiiopyk)xy, cydobutyloxy and cydopentylo^ are 
preferred. 

3-7C-Cydoallqrlmethoxy represents, for example, cydopropylmethoxy, <ydobutylmethoxy. 
cydopentylmethojty. (ydohexylmethoxy and cydoheptylmethoxy. of which cydopropylmethoxy, 
(^dobutytmetho)ty and <7dopentylmethQxy are prefened. 

As 1-4C-Alkoxy which is completely or predominantly substituted by fluorine, the 2.2,3.3.3-pentafluo- 
ropropoxy. the perfluoroethoxy, the 1.1.2,2-tetrafluoroethO)y. the 1.2.2-trifluoroethoxy. the trifluoro- 
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methoxy, In particular the 2,2,2-trifluoroetho)(y, and preferably the difluoromethoxy radicals, for 
example, may be mentioned. In (his context, "predominantly" means that more than half of the 
hydrogen atoms of the 1-4C-alkoxy groups are replaced by fluorine atoms. 

1-2C-Alkylenedioxy represents, for example, the methylenedioxy (-O-CH2-O-) orthe ethyteiedtoy 
(-O-CH2-CH2-O-) radical. 

If R3 and R31 together have the meaning 1-4C-alkylene. the positions 1 and 4 in compounds of the 
formula 1 are linked to one another by a 1-40alkylene bridge, 1-40alkylene representing straight- 
chain or branched alkylene radicals having 1 to 4 cari^on atonns. Examples which may be mentioned 
are the radicals methylene I-CHH, ethylene I-CH2-CH2-I, trimethylene [-CH2-CH2-CHr]. 1,2-dimethyl- 
ethylene I-CH(CH3)-CH{CH3H and Isopropylidene [-qCHa)^]. 

Halogen within the meaning of the invention is fluorine, chlorine or bromine. 

1-7C-Alkyl represents straight-chain or branched alkyi radicals having 1 to 7 carbon atoms. Examples 
which may be mentioned are the heptyl, Isoheptyl (5-methylhexyl), heyy\, isohexyl (4-methylpentyl), 
neohexyl (3,3-dimethylbutyl), pentyl, csopentyl (3-methylbutyl). neopentyl (2,2-dimethylpropyl), butyl, 
isobutyl, seo-butyl, tert-bu^, propyl, isopropyl, ethyl or methyl radical. 

3-7C-Cycloalkyl represents the cyclopropyl, cyclobutyl, cydopentyl, cyclohexyl or cyctoheptyl radical. 

3-7C-Cyctoalkyimethyl represents a methyl radical which is substituted by one of the abovementioned 
3-7C-<7Cloalkyl radicals. Examples which may be mentioned are the cycloalkylmethyl radicals cycle- 
propylmethyl, c^dobufylmethyi and <^clopentylmethyl. 

HydroD^-2-4C-aiM represents 2-4C-all^ radicals which are substituted by a hydro)Qri group. 
Examples which may be mentioned are the 2-hydroxyethyl and the 3-hydroxypropyl radicals. 

An example which may be mentioned for a hydroxy-2-4C-alkoxy-2-4C-alkyl radical is the (2- 
hydroxyethoxy)ethyi radical. 

An example of a 1-4C-^lkoxy-2-4C>alkoxy-2-4C-alM radical is the (2-methoxyethoxy)ethyi radical. 

1-4C-Alkylcarbonyl is a carbonyl group to which one of the abovementioned 1-4C-alkyl radicals is 
bonded. An example is the acetyl radical [CH3C(0>]- 
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1-4a,Alla);Qfcaibonyl is a caitonyl group to which one of the abovemenfioned 1-4C-allto)Qr radicals is 
bonded. Examples are the methoxycartwnyl [CHaO-qOH and the ethoxycaitonyl ICH3CH20-qo>-] 
radical. 

1-4CrAiltoxycaitonyl-1-4C-all<yl stands for one of the abovementkmed 1-4a«lkyl radicals, which is 
substituted by one of the abovementioned 1-4<>alkoxycarbonyl radicals. An example Is the 
ethoxycarbonylmethyl radical ICH3CH20C(0)CHd- 

1-4GAItoxy-2-4C-alkyl represents a 2-4C>alky| radical, which is substituted by one of the 
abovementioned 1-4C-aIkoxy radicals. Examples which may be mentioned are the methoxyethyl and 
the ethoxyethyl radical. 

Phenyi-1-40alkyl radicals stand for one of the abovementioned 1 -4C-alkyl radicals substituted by an 
phenyl group. Examples which may be menOoned are the phenylethyl and the benzyl radical. 

R29(R30)N-2-4C-alM radicals stand for one of the above-mentioned 2-4C-radlcals substituted by an 
R29(R30)N- group. Examples which may be mentioned are morpholin-4-ylethyl and the 
thiomofphotin-4-ytethyl radicals. 

"N-oxIdes of these compounds" stands for any single or multiple N-oxlde(s), which can be fonned star- 
ting from the compounds of fomfiula 1 , as well as any mbctures of the single or multiple N-oxIdes in 
any mixing ratio. Prefen-ed are the single N-oxides at the nitrogen atom in 5-positlon of the 
phenanthrfcline ring system. 

In the fonnuiae (a), (b). (c) or (d) the horizontal dotted tfnes indicate 

-r 'T "T" • "T- 

that R7 is bonded to the carbonyl group In fonmila 1 va the bond that bears the horizontal dotted line. 
The additional dotted lines in formula (d) indicate that there can be in the indicated positions a single 
or a double bond. 

The substituents R6 and .C(0)R7 of the compounds of the fonnula 1 can be attached in the ortho, 
meta or para position with respect to the binding position In which the 6-phenyl ring is bonded to the 
phenanthridine ring system. Preference is given to compounds of the fonnula 1. In which R6 Is 
hydrogen and -C(0)R7 is attached in the meta or in the para position, whereby in a special 
embodiment R8 Is hydrogen and -C(0)R7 is attached in the para position. 
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SuHable salts of compounds of the formula 1 - depending on substitufion - are all add addition salts or 
all salts with bases. The pharmacologically tolerable salts of the Inorganic and organic adds and 
bases customarily used In pharmacy may be particularly mentioned. Those suitable are. on the one 
hand, water-soluble and water-insoluble add addition salts with adds such as, tor example, 
hydrochloric add, hydrobromic add, phosphoric add, nitric add, sulfuric add, acetic add, dtric add, 
D-gluconic add, benzoic add, 2-(4-hydraxybenzoyl)benzoic add, bu^c add. sulfosalicyllc add, 
maleic add, (auric add, malic add, fumaric add. sucdnic add. oxalic add. tartaric add, embonic add, 
stearic add, toluenesulfonic add, methanesuHbnic add or 3-hydro)v-2-naphthoic add, where the 
adds are employed In salt preparation - depending on whether a mono- or polybasic add Is concerned 
and depending on which salt is desired - In an equimolar quantitative ratio or one differing therefrom. 

On the other hand salts with bases are also suitable. Examples of salts with bases which may be 
mentioned are alkali metal (lithium, sodium, potassium) or calcium, aluminum, magnesium or titanium 
salts, where here too the bases are employed in salt preparation in an equimolar quantitative ratio or 
one differing therefrom. 

Phamiaoologically Intolerable salts whldi can be obtained first, for example, as process products in 
the preparation of the compounds according to the invention on an Industrial scale, are converted Into 
phannacologicaily tolerable salts by methods known to the person skilled in the arL 

It is known to the person skilled in the art that the compounds according to the invention and their 
salts, for example when they are isolated In crystalline form, may comprise varying amounts of 
solvents. Accordingly, the Invention also embraces all solvates and In particular all hydrates of the 
compounds of the fonnula 1, and also all solvates and in particular ail hydrates of the salts of the 
compounds of the fonmula 1 . 

Compounds of the formula 1 to be emphasized are those in whidi 

R1 is hydroxyl, 1-4C-alkoxy, 3-7C-cydoalkoxy, 3-7C-<ydoalkyImethoxy, 2,2-difluoroethoxy, or 

completely or predominantly fluorine^ubstituted 1-4C-alkoxy, 
R2 is hydro)^!. 1-4C-alkoxy, 3-7C-<ydoalkoxy. 3-7C-cydoalkylmethoxy, 2,2-difluoroethoxy, or 

completely or predominantly fluorine-substituted 1-4C-alkoxy, 
or in which 

R1 and R2 together are a 1-2C-alkyIenedioxy group, 
R3 is hydrogen or 1-4C-aIkyl, 
R31 is hydrogen or 1 -4C-alkyl, 

either, In a first embodiment (embodiment a) according to the present Invention, 

R4 ls-0-R41,lnwhlch 

R41 is hydrogen or 1-7C-alkylcartK)nyl, and 
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R5 is hydrogen. 

or, in a second embodiment (embodiment b) according to the present invention, 

R4 is hydrogen, and 

R5 Is ^-R51, in which 

R51 is hydrogen or 1 -7C-aikylcart)onyl, 

R6 is hydrogen, halogen, nitro, 1-4C-alkyl, trifluoromethyl or 1-4C-alkoxy, 

R7 is a radical of formulae (a), (b), (c) or (d) 

--[- -T- P 

L (a) ^N^ (b) (c) N;.. (d) 



in which 

if R7 is a radical of the fomiula (b), 
either 

R8, R9, RIO and R11 independently of one another are hydrogen, l-TOall^l, 3-7C-<ycioalkyl, 
3-7C>cycloalkylmethyl or hydroxy-2-4C-alkyl, 

or 

R8 is hydrogen, 1*7C-atkyl, 3-7C-cycloalkyi, 3-7C-cycloaikylmethyl or hydroxy-2-4C^lkyl, 
R9 is hydrogen, 1-7C-alkyl, 3-7C-cycloalkyl, 3-7C-cycloallQrImethyl, hydroxy-2-4C-alkyl, and 
RIO and R1 1, together and including the nitrogen atom to which both are bonded, are a pyrroli- 
dln-1-yl, piperidln-1-yl, azepan-1-yl, azocan-1-yl, azonan-1-yl, azecan-1-yl. morpholin-4-yl, 
tetrahydroisoquinolin-2-yl, 3,5-dimethyl-pyFazoM-yl, pyrazol-1-yl, 2,6-dimethyl-morpholin-4-yi, 
2,6-dimethyl-piperidin-l-yl, thiomorpholin-4-yl or 1H-1,2,4-triazol-1-yl radical, or a piperazin-1- 
yl radical substituted in 4-position by R19, 

R8 is hydrogen, 1-7C-alkyl, 3-7C-cydoalIqrl, 3-70cycloallcylmethyl or hydroxy-2-4C-alkyl, 
R9 is hydrogen, 1-7C-a!l<yl, 3-7C-(ycloalkyl, 3-7C-cycloalkylm6thyl or hydroxy-2-4C-alkyl. 
RIO is hydrogen, 1-7C-alkyl, 3-7C-cycloalkyl, 3-7C-cycloalkylmethyl or hydrQxy-2-4C-alkyl, and 
R11 is Aryll, naphthyl, phenyl, phenyl substituted by R20 and/or R21, phenyl-1-4C-alkyl or 
phenyl-1-4C-all^ substituted by R22 and R23, 

• -. 

in which 

if R7 is a radical of the fomiula (c), 
either 

R12, R13, R14 and R15 independently of one another are hydrogen, 1-7C-aikyl, 3-7C-<yclo- 
alkyl, 3-7C-cycloancylmethyl or hydroxy-2-4C-alkyl, 

or 



or 
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R12 and R13 independently of one another are hydrogen, 1-7C-alkyl, 3-7C-cycioalkyl, 
3-7C-cycloalkylmethyl or hydroxy-2-40alkyl. and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are a pynroli- 
dln-1-yl, plperidin-1-yl, azepan-1-yi, azocan-1-yl, azonan-l-yl, azecan-l-yl, morpholin-4-yl, 
tetrahydroisoquinoiin-2-yl, 3,5-dimethyl-pyrazol-l-yl, pyrazol-l-yl, 2,6-dimethyi*morpho!in-4-yl, 
2,6-dimethyl-piperidin-l-yl, thiomorpholin-4-yl or 1H-1,2,4-triazoM-yl radical, or a piperazin-l- 
yl radical substituted in 4-position by R19, 

or 

R12 and R13, together and including the nitrogen atom to which both are bonded, are a pynx)li- 
din-1-yI, piperidin-1-yl, azepan-1-yl, morphollno-4-yl, 4-(1-4C-alkyl-)-piperaan-1-yl, 2,6-dl- 
methyl-morpholin-4-yi, 2,6-dimethyl-piperidin-l-yl or thiomorphonn-4-yl radical, and 
R14 and R15, together and including the nitrogen atom to which both are bonded, are a pyrroll- 
din-1-yl, piperidin-1-yl. azepan-1-yl, morphollna4-yl, 4-(1-4C-alkyl-)-piperazin-1-yl, 2.6- 
dimethyl-morpholin-4-yl, 2,6-dimethyl-piperidin-l-yl or thiomorphoiin-4-yl radical, 

or 

R12 and R15 independently of one another are hydrogen or 1-4C-alkyl. and 

R13 and R14, together and with inclusion of the N-C(=)-N structure to which they are bonded. 

are a hexahydropyrimidin-2-ylidene or imidazolidin-2-ylidene radical. 

In which 

if R7 Is a radical of the formula (d), 

R16 is hydrogen, 1-7C-alkyl. 3-7C-cycloalkyl, 3-7C-cycloalkylmethyl or hydroxy-2-4C-alIcyl, and 
R17 and R18. together and with inclusion of the N-C(-)-N stmcture to which they are bonded 
are Aiyl2, 

Afyll Is 4-methylthiazol-2-yl, benzimidazol-2-yl, 5-nitrobenzimidazol-2-yl. 5-chlorobenzimidazol-2-yl, 
5-methylbenzimidazol-2-yl, 4-methylquinazolin-2-yl, benzothiazol-2-yl, benzoxazol-2-yl or 
pyrimidin-2-yl, 

Aryl2 is 1-methyl-4-oxo-4.5-dihydro-1H-imidazol-2-yI, imidazol-2-yl, 4,5-dicyano-imidazol-2-yl, 4-me- 
thyl-imidazol-2-yl, 4-ethyl-benzimidazol-2-yl. 4-acetyl-imldazoI-2-yl, 1H-I1,2,4]triazol-3-yl, benz- 
imidazol-2-yl, 1-methyl-benzimldazol-2-yl, 1-ethyl-benzimidazDl-2-yl, 5,6-dlmethyl- 
benzimidazol-2-yl, purin-8-yl, 6-amlno-7Hmethyl-7H-purine-S-yl, 1 ,6-dimethylimidazo[4,5- 
b]pyridin-2-yl, 1,5,6-trimethylimidazo[4,5-b]pyridin-2-yl, 1,3-dimethyl-3,7-dihydno-1H-purine-2.6- 
dione-8-yl, 7-ethyl-3-methyl-3,7-dihydro-purine-2,6-dione-8-yl, 1 ,3.7-trimethyl^,7-dihydro- 
purine-2.6-dione-8-yl, thiadiazolyl, 1 ,4-dihydrotetrazol-5-yl. 1 H-I1 ,2,4]triazol-3-yl, 
1,3-dihydrobenzlmidazol-5-yl, 1H-tetrazol-&-yl. pyrimWin-2-yl or 4,6-dimethyl-pyrimidin-2-yl, 

R19 is 1-4(>alkyl, fbrmyl. 1-4C-allcylcarbonyl, 2-hydroxyethyl, phenyl, phenyl substituted by R24 
and/or R2S, phenyl-1-4C>alkyl or phenyl-1-4C-alkyl substituted in the phenyl moiety by R26 
and/or R27, 

R20 is halogen, nitro, carboxyl, 1-4C-alkyl, trifluoromethyl or 1-4C-alkoxy, 
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R21 is halogen. 1 -4C-alkyi or 1 -40alkoxy, 

R22 is halogen, nitro. carboxyl, 1-4C-alkyi, trifluoromethyi or 1-4C-alkoxy, 
R23 is halogen, 1 -4C-alkyl or 1 -4C-alkoxy, 

R24 is halogen, nitro, carboxyl, 1-4C-alkyl, trifluoromethyi or 1-4C-alkoxy, 
R25 is halogen, 1 -4C-alkyi or 1 -4C-alkoxy, 

R26 is halogen, nitro, oart)Oxyl, 1-4C-alkyl, trifluoromethyi or 1-4C-aikQ)^, 
R27 is halogen, 1 -4C-alkyl or 1 -4C>alkoxy, 

the salts of these compounds, as well as the N-oxIdes, enantiomers, E/Z isomers and tautomers of 
these compounds and their salts. 

Compounds of the fbnnula 1 to be in particular emphasized are those in which 

R1 is 1-2C-alkoxy, 3-5C-cycloalkoxy, 3-5C-<:ycloalkylmethoxy, 2,2-difluoroethoxy, or completely or 

predominantly fluorine-substituted 1-2C-alkoxy, 
R2 is 1-2C-alkoxy, 3-5C-cycloalkoxy, d-SOcycloalkylmethoxy, 2,2-difluoroethoxy, or completely or 

predominantly fluorine-substituted 1-2C-alkoxy, 
R3 is hydrogen, 
R31 is hydrogen, 

either, in a first embodiment (embodiment a) according to the present invention, 

R4 is -0-R41 , in which 

R41 is hydrogen or 1 -4C-alkylcarbonyl, and 

R5 Is hydrogen, 

or, in a second embodiment (embodiment b) according to the present invention, 

R4 is hydrogen, and 

R5 is-0-R51,inwhich 

R51 is hydrogen or 1 -4C-alkylcarbonyl, 

R6 is hydrogen, halogen, nitro, 1-4&alkyl, trifluoromethyi or 1-4C-alkoxy, 
R7 IS a radical of formulae (a), (b), (c) or (d) 

T "T" "T- T „ 

L (a) /N^ (b) i^) N<. (d) 

Rii^ ^Rio' R15^ ^R14 R18 



in which 

if R7 is a radical of the formula (b), 
either 

R8 is hydrogen, and 

R9. RIO and R11 independently of one another are hydrogen, 1-4C-alkyl, 3-7C-(^cloalM or 
3-7C-(^cloaIkylmethyl, 
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or 

R8 is hydrogen, 

R9 is hydrogen, 1-4C-aIlcyl, 3-7C-cycloallcyl or 3-7C-cycIoalkylmethyl, and 

RIO and R1 1 , together and induding the nitrogen atom to which both are ixinded, are a pyiroli- 

din-1-yl, piperidin-1-yl, azepan-1-yl, azocan-1-yl, azonan-1-yl, azecan-1-yl, morpho!in-4-yl, 

tetrahydroisoquinolln-2-yl, 3,S-dinnethyl-pyrazol-1-yl, pynazol-1-yl, 2,6-dlmethyl-morpholin-4-yl 

or2,6-dimethyl-piperidin-1-yl radical, or a piperazin-1-yl radical substituted in 4-position by 

R19. 

or 

R8 is hydrogen, 

R9 is hydrogen, 1-7C-allvl, S-TC-cycloallcyl or 3-7C-(^cioailcylmethyl, 

RIO is hydrogen, 1-7C-all^, 3-7C-cycloallcyl or 3-7C-<vcloalkylmethyl, and 

R11 is Aryll, naphthyl, phenyl, phenyl substituted by R20 and/or R21. phenyl-1-4C-alkyl or 

phenyt*1-4C-all<yl substituted by R22 and R23, 

in which 

if R7 is a radical of the formula (c), 
either 

R12, R13, R14 and R15 independently of one another are hydrogen, 1-4C-allcyl, 3-7C-cyclo- 
alkyl or 3-70cycloalkylmethyl, 

or 

R12 and R13 independently of one another are hydrogen, 1-4C-all^l, 3-7C-cycloalkyl or 
3-7C-cycloalkylmethyi, and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are a pyn^oli- 
din-1-yl, piperidln-1-yl, azepan-1-yl, azocan-1-yl, azonan-1-yl, azscan-l-yl. morpholin-4-yl, 
tetrahydroisoquinolin-2-yl, 3.5-dlmethyl-pyrazol-1-yl, pyrazoH-yl, 2,6-dimethylHfnorphoUn-4-yI 
or 2,6-dimethyl-piperidin-l-yl radical, or a piperazin-1-yt radical substituted in 4-position by 
R19, 

or 

R12 and R13, together and including the nitrogen atom to which both are bonded, are a pynroli- 
din-1-yl, piperidln-1-yl. azepan-l-yl. morpholino-4-yl, 4-(l-4C-alkyl-)-pipera2in-1-yl, 2,6-dl- 
methyl-morpholin-4-yl or 2.6-dimethyl-piperidin*1-yl radical, and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are a pynroli- 
din-1-yl, piperldin-l-yl, azepan-1-yl, morphoIino-4-yl, 4-(1-4C-alkyI-)-plperazin-1-yl, 2,6- 
dimethyl-morpholin-4-yl or 2.6-dimethyl-piperidin-1-yl radical, 

or 

R12 and R15 independently of one another are hydrogen or 1-4C-ali<yl, and 

R13 and R14, together and with inclusion of the N-C(-)-N structure to which they are bonded, 

are a hexahydropyrimidtn-2-ylidene or imidazolidin-2-ylidene radical, 
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in which 

if R7 is a radical of the formula (d), 
R16 is hydrogen, and 

R17 and R18, together and with inclusion of the N-C(-)-N structure to which they are bonded 
areAryi2, 

Aryll is 4-methylthlazol-2-yl, benzimidazol-2-yl, 5-nitrobenzimidazol-2-yl, 5Tchlorobenzlmidazol-2-yl, 
5-methylbenzimidazol-2-yl, benzothiazol*2-yl or benzoxazol-2-yl, 

Aryl2 is 1-niethyi-4K2xo-4,5-<iihydro-1H-inri!dazol-2-yi, imidazol-2-yl, 4,5-di(^ano-innidazol-2-yl, 4-me- 
thyl-imidazol-2-yl, 4-ethyl-benzimidazol-2-yl, 4-acetyl-imidazol-2*-yl. 1H-[1,2,4]triazol-3-yi, benz- 
imidazol-2-yi, 1-meth^-benziniidazo!-2-yl, 1-6thyl-benzimidazol-2-yl, 5,6-dimethyl- 
benzimldazol'2-yl, purin-8-yl, 6-amino-7-niethyl-7H-purine-8-yl, 1 ,6-dimethylimldazot4,6- 
b]pyridin-2-yl, 1 ,5,6-trimethylimidazo[4,5-b]pyridin-2-yl, 1,3-dimethyl-3,7-dihydro-1H-purine-2,6- 
dione-8-yl, 7-ethyl-^ethyl-3J-<iihydrD-purine-2,6-dlone-8-yl, 1,3,7-trimethyl-3,7-dlhyd«)- 
purine-2,6-dione-8-yl or 1H-[1,2,4]triazol-3-yl, 

R19 is 1-4C-allcyl, fbnmyl, 1-4C-alkylcarbonyl, 2-hydroxyethy|, phenyl, phenyl substituted by R24 
and/or R25, phenyl-1-40alkyl or phenyl-1^C-alkyl substituted in the phenyl moiety by R26 
and/or R27, 

R20 is halogen, nitro, 1-4C-allcyl or 1-4C-alkoxy, 

R21 is halogen, 1 -4C-alkyl or 1 «40alkoxy, 

R22 is halogen, nitro, 1-4C-allcyl or 1-4C-alkoxy, 

R23 is halogen, 1 -4C-alkyl or 1 -4C-alkoxy, 

R24 is halogen, nitro, carboxyl, 1-4C-alkyl or 1:4C-alkoxy, 

R25 is halogen, 1 -4C-alkyl or 1 -4C-alkoxy, 

R26 is halogen, nitro, 1-4C-alkyi or 1-4C-alkoxy, 

R27 is halogen, 1 -4C-alkyl or 1 -4C-aikoxy, 

the salts of these compounds, as well as the N-oxides, enantiomers, E/Z isomers and tautomers of 
these compounds and their salts. 

Compounds of the formula 1 to be in more particular emphasized are those in which 
R1 is 1-2C-alkoxy, 2,2-difluoroetho)^, or completely or predominantly fluorine-substituted 
1-2C-alkoxy, 

R2 is 1 -2C-alko)^, 2,2-difluoroethoxy, or completely or predominantly fluorine-substituted 

1-2C-aIkoxy, 
R3 is hydrogen, 
R31 is hydrogen, 

either, in a first embodiment (embodiment a) according to the present invention, 

R4 is-0-R41.inwhich 

R41 is hydrogen or 1 -40alkylcarbonyl, and 
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R5 is hydrogen, 

or, in a second embodiment (embodiment b) according to the present invention, 

R4 is hydrogen, and 

R5 ls-0-R51,inwhich 

R51 is hydrogen or 1 -4C-alkylcarbonyl, 

R6 is hydrogen, 

R7 a radical of formulae (a), (b), (c) or (d) 

-y T T r 

lu (a) (b) .N^ (c) N;:. (<*) 

N"2 Rll-^ ^RIO R15^ ^R14 R18 



in which 

if R7 is a radical of the fonnula (b), 
either 

R8 is hydrogen, and 

R9 is hydrogen, 

RIO is hydrogen or 1-4C-alkyi. 

R1 1 is hydrogen or 1-4C-alicyi, 

where at least one of the radicals R10 or R1 1 is not hydrogen, 

or 

R8 is hydrogen, 
R9 is hydrogen, 

RIO and R1 1 , together and including the nitrogen atom to which both are bonded, are a pyrroli- 
din-1-yl, piperidin-1>yl, azepan-1-yi, azocan-1-yl, azonan-1-yl, morpholin-4-yl, tetrahy- 
droisoquinolin-2-yl or d.S-dimethyl-pyrazol-l-yl radical, or a piperazin-1-yl radical substituted in 
4-position by R19, 

or 

R8 is hydrogen, 
R9 is hydrogen, 

RIO is hydrogen or 1-4C-alkyl, and 

R11 is Aryll, naphthyl, phenyl or phenyl substituted by R20, 



in which 

if R7 Is a radical of the formula (c), 
either 

R12 is hydrogen or 1-4C-alkyl, 
R13 is hydrogen or 1-4C-alkyl, 
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R14 is hydrogen or 1-4C-alkyl, and 

R15 IS hydrogen, 1-4C-alkyl or 3-7<>cycIoalkyl, 

where at least one of the radicals R12, R13. R14 and R15 is not hydrogen, 

or 

R12 IS hydrogen or 1-4C-alkyl, 
R13 is hydrogen or 1-4C-alkyi, and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are a pyrroli- 
dln-1-yl, piperidin-1-yl, azepan-1-yl, azocan-1-yl, azonan-1-yl, morpholin-4-yl, 
tetrahydroisoquInolin-2-yl or 3.5-dimethyI-pynazoH-yl radical, or a piperazin-l-yl radical 
substituted in 4-position by R19, 

in which 

if R7 is a radical of the formula (d), 
R16 is hydrogen, and 

R17 and R18, together and with inclusion of the N-C(-)-N stmcture to which they are bonded 
areAryl2, 

Aryll is benzimidazol-2-yl, 5-nitrobenzimidazol-2-yl, 5-chloroben2imidazol-2-yl or 

5-methylbenzimidazol-2-yl, 
Aryl2 is imidazol-2-yl, 4-methyl-imidazol-2-yl. 4^thyl-benzimidazol-2-yl, 4-acetyl-lmidazol-2-yl, 1H- 

[1,2,4]triazoI-3-yl, benzlmldazol-2-yl, 1-methyl-benrlmidazol-2-yl, 1-ethyi-benzimidazol-2-yl, 

5.6-dimethyl-benzlmldazol-2-yl, purin-8-yl, 1,6-dimethyllmidazoI4.&-b]pyridin-2-.yl or 1,5.6-tri- 

methylimidazo[4,5-b]pyridin-2-yl, 
R19 is 1-4C-alkyl or 1-4C-alkylcarbonyl, 
R20 is halogen, nitro, 1-4C-alkyl or 1-4C-alkoxy, 

the salts of these compounds, as well as the N-oxides, enantiomers, ElZ isomers and tautomers of 
these compounds and their salts. 

Preferred compounds of the formula 1 are those in which 

R1 is 1-2C^lkoxy. 2,2-difluoroethoxy, or completely or predominantly fluorine-subsfituted 
1-2C-alkoxy, 

R2 is 1-2C-alk05y, 2,2-difluoroeth05V, or completely or predominantly fluorine-substituted 

1-2C-alko}cy, 
R3 is hydrogen, 
R31 is hydrogen, 

either, in a first embodiment (embodiment a) according to the present Invention, 

R4 is-0-R41,inwhich 

R41 is hydrogen or 1 -4C-alkylcarbonyl, and 

R5 is hydrogen, 

or, in a second embodiment (embodiment b) according to the present invention. 
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R4 is hydrogen, and 

R5 is -0-R51 , in which 

R51 is hydrogen or 1 -4C-all^lcarbonyl, 

R6 is hydrogen, 

R7 is a radical selected from 




the salts of these compounds, as well as the N-oxides, enantlomers, E/Z Isomers and tautomers of 
these compounds and their salts. 

More prefiened compounds of the formula 1 are those in which 

R1 is 1 -2C^koxy, or completely or predominantly fluorine-substituted 1 -2C-alkoxy, 

R2 is 1 -2C-allcoxy, or predominantly fluorine-substituted 1 -2C-alkoxy, 

R3 is hydrogen, 
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R31 is hydrogen, 

R4 is-0-R41,inwhlch 

R41 is hydrogen or 1 -4C-alkylcarbonyl, and 

R5 is hydrogen, 

R6 is hydrogen, 

R7 is a radical of formula (c) 



R12 is hydrogen, 
R13 is hydrogen, 

R14 is hydrogen or 1^4C-alkyl, and 
R15 is 1-4C-ailcyl or 3-7C-(^oalkyl, 

or 

R12 Is hydrogen, 
R13 is hydrogen, and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are a 
pynrolidin-1-yl, piperidin-1-yl, azepan-1-yl, azocan-1-yl, azonan-1-yl or morpholin-4-yl, radical, 
or a piperazin-1-yl radical substituted In 4-posltion by R19, in which 
R1 9 is 1 -4C-alkyicarbonyl. 

the salts of these compounds, as well as the N-oxides, enantiomers, E/Z isomers and tautomers of 
these compounds and their salts. 

Yet more preferred compounds of the formula 1 are those in which 
R1 IS methoxy, or ethoxy, 

R2 is methoxy, ethoxy, 2,2-difiuoroethoxy, or difluoromethoxy, 

R3 is hydrogen, 

R31 is hydrogen, 

R4 is-0-R41,inwhich 

R41 is hydrogen, and 

R5 is hydrogen, 

R6 is hydrogen, 

R7 is bonded to the meta or para position with respect to the binding position in which the phenyl 
ring is bonded to the phenanthridine ring system, and is a radical of fiomnula (c) 



R12 



R15^ "^R14 




in which 



either 
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(C) 



inwhic^ 



either 



R12 is hydrogen, 
R13 is hydrogen, 

R14 is 1-4C-allcyl, such as e.g. 1-2C-alkyl, and 
R15 is 1-4C-ali^, such as e.g. 1-2C-alkyl, 

or 

R12 is hydrogen, 
R13 is hydrogen, 
R14 is hydrogen, and 

R15 is 3-50<^cloaU<yi, such as e.g. cyclopropyi, 

or 

R12 is hydrogen, 
R13 is hydrogen, and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are a 
pyrrolidin-1-yl, piperidin-1-yl, azepan-1-yl, azocan-1-yl, azonan-1-yl ormorpholin-4-yl radical, 
or a piperazin-1-yl radical substituted in 4-position by R19, in which 
R19 is 1-4C-alkylcarbonyl, 

the salts of these compounds, as well as the N-oxides, enantiomers, E/Z isomers and tautomers of 
these compounds and their salts. 

In particular preferred compounds of the formula 1 are those in which 
R1 is methoxy, 

R2 is methoxy, ethoxy, difluorometho)^, or 2,2*difluoroethoxy, 

R3 is hydrogen, 

R31 is hydrogen, 

R4 is -0-R41 , in which 

R41 is hydrogen, and 

R5 is hydrogen, 

R6 is hydrogen, 

R7 is bonded to the meta or para position with respect to the binding position in which the phenyl 
ring is bonded to the phenanthridine ring system, and is a radical of formula (c) 
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in which 
either 

R12 is hydrogen, 
R13 is hydrogen, 
R14 is ethyl, and 
R1S is ethyl. 



or 



R12 is hydrogen, 
R13 is hydrogen, 
R14 is hydrogen, and 
R15 is cyctopropyl. 



or 



1 I 



R12 i$ hydrogen, 
R13 is hydrogen, and 

R14 and R15. together and including the nitrogen atom lo which both are bonded, are an 
azocan-l-yl radical, or a piperazin-1-yl radical substituted in 4-po8ition by R19 in which 
R19 is acetyl, 

the salts of these compounds, as weU as the N-oxides, enantlomere. EC isomere and tautomeis of 
these compounds and their salts. 



A special interest in the compounds according to this invention relates to those compounds which 
included ^thin the scope of this Invenfion- by one or. when possible, by more of the following 
embodiments: 



are 



A special embodiment of the compounds of the present invention indude those compounds of fomiula 
1 1n which R1 and R2 are independently 1-2C>aIlcoxy. 2,2-difluoroethoxy. or completely or 
predominantly fluorine-substituted 1-2C-alkoxy. 

Another special embodiment of the compounds of the present invention include those compounds of 
fbmtula 1 in whteh R1 and R2 are independently 1-2C^koxy. 2.2-diiiuoroethoxy. or completely or 
predominantly fluorine-substituted 1-2C-aIkoxy. and R3 and R31 are both hydrogen. 
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Another special embodiment of the compounds of the present invention include those compounds of 
formula 1 in which R1 and R2 are independently 1-2C-alkoxy, 2,2-difluoroethoxy, or completely or 
predominantly fluorine-substituted 1-2C-alkoxy, and R3. R31 and R6 are all hydrogen. 

Another special embodiment of the compounds of the present invention include those compounds of 
fbnnula 1 in which R1 and R2 are independently 1-2C-alkoxy, 2,2-difluoroethaxy, or completely or 
predominantly fluorine-substituted 1-2C-alko)qr, R3, R31 and R6 are hydrogen, and R7 is a radical of 
fbmnula (c). 

Another special embodiment of the compounds of the present inventton Include those compounds of 
fbnnula 1 in which one of R1 and R2 is methoxy, and the other is methoxy, ethoxy, difluoromethoxy or 
2,2-difiuoroethoxy, and 
R3 and R31 are both hydrogen. 

Another special embodiment of the compounds of the present invention include those compounds of 
fonnula I in which R1 is ethoxy or, particulariy, methoxy, and R2 is methoxy, or, particulariy, ethoxy, 
difluoromethoxy or 2,2-difluoroetho)^, and R3 and R31 are both hydrogen. 

Another special embodiment of the compounds of the present invention Include those compounds of 
fonnula I in which R1 is methoxy, and R2 is 2,2-difluoroethoxy, and R3 and R31 are both hydrogen. 

Another special embodiment of the compounds of the present invention include those compounds of 
fonnula I in which R1 is methoxy, and R2 is ethoxy, and RS'and R31 are both hydrogen. 

Another special embodiment of the compounds of the present invention include those compounds of 
fomriula I in which R1 is methoxy, and R2 is difluoromethoxy, and R3 and R31 are both hydrogen. 

Another special embodiment of the compounds of the present invention include those compounds of 
formula I in which R6 is hydrogen. 

Another special embodiment of the compounds of the present invention include those compounds of 
formula I, in which R5 or, particulariy, R4 is the radical (1^4C-alkylcaribonyi)-0- such as e.g. acetoxy, 
or hydroxyl, and all the other substituents are as defined in any compound of the present invention as 
defined above. 

Another special embodiment of the compounds of the present invention include those compounds of 
the fonnula 1 in which R5 or, particulariy, R4 is hydroxyl 

A preferred embodiment according to the present invention is embodiment a. 
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A further preferred embodiment of the compounds of the present Invention include compounds 
according to embodiment a, in which R5 and R41 are both hydrogen, and in which R1 and R2 are 
independently l-ac-alkoxy. 2.2-Kfifluoroethoxy. or completely or predominantly fluorine-substituted 1- 
lOalkoyy, and R3, R31 and R6 are ail hydrogen. 

A yet further prefenned embodiment of the compounds of the present invention include compounds 
according to embodiment a, in which R5 is hydrogen, and in which R1 is methoxy, and R2 is e\hoxy, 
difluoromethoxy or 2,2-dHIuoro8thoxy, and R3. R31 and R6 are all hydrogen, 

A still yet further preferred embodiment of the compounds of the present invention include compounds 
according to embodiment a, in which R5 and R41 are both hydrogen, and in which R1 is methoxy, and 
R2 is ethoxy, difluoromethoxy or 2.2-difluoroethoxy, and R3. R31 and R6 are all hydrogen. 

Suitable compounds according to the present Invention more worthy to be mentioned include those 
compounds of formula 1, In which R5 or, particularly, R4 is hydroxyL 

Exemplary compounds according to the present invention may include those selected from 
1. NXH4-I{2RS.4aRS.10bRS)-9-(1.1-Difluoro-methoxy)-2-hydroxy-8-methox^^ 
hexahydro-phenanthridin-6-yQ-phenyl}-methanoyl)-N,N-dlethyl-guanfdine 
Z N-(1-Amlno-1-azocan-1-ylHnethylene)^(2RS,4aRS,10bRS)-9-(1.1^^ 
hydroxy-8-methoxy-1 ,2,3,4,4a,1 Ob-hexahydro-phenanthridin-B-yO-benzamide 

3. N-Cydopropyl-NXH4-i:(2RS.4aRS,10bRS>9-(1,lHJifluoro-metho^^ 
1,2,3.4,4a,10b4iexahydroi)henanthridin-6-yO-phenylhmethanoyl>^uanidi 

4. N-[H4^tyl-plpera2in-1-yl).1^mlnoHiiethylene]-4-((2RS.4 
dlmetho)v-1 ,2,3,4/te,1 0b-hexahydro-phenanthridin-6-yl)-benzamlde 

5. N,N-Diethyl.|^-{1-I4.((2RS,4aRS,10bRS)-2-hydrQxy^,9-dimetho^^^ 
phenanthridin-6-yl)-phenyl]-methanoyl>guanidine and 

6. NK1-Amino-1-azocan-1-yl-methyleneH-{(2RS,4aRS,10bRS^^^^ 
1,2,3,4,4a,10b-hexahydro-phenanthrldln-6-yl)-ben2amide, 

the salts of these compounds, as well as the N-oxides, enantiomers, E/Z isomers and tautomers of 
these compounds and their salts. 

Preferably, the compounds according to the present Invention which are listed in the Table A in the 
appended "Biological Investigations" as well as their salts, are to be mentioned as a particular 
interesting aspect of the present invention. 



If 
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The compounds of fonmula 1 are chiral compounds having chlral centers at least in positions 4a and 
10b and depending on the meanings of R3, R31, R4 and R5 additional chiral centers In positions 1, 2, 
3 and 4. 



R4 



Numbering 




R7 



The invention Includes all conceivable stereoisomers in pure form as well as in any mixing ratio. 
Preference is given to compounds of formula 1 1n which the hydrogen atoms in positions 4a and 10b 
are in the ds position relative to one another. The pure cis enantiomers and their mi}clures (n any 
mixing ratio and including the racemates are more prefenned In this context 

Particularly preferred in ttiis context are those compounds of fomiula 1, which have witti respect to 
tiie positions 4a and 10b the configuration shown in fbnmula (1*): 
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If, for example, in compounds of fomnula 1* R3, R31 and R5 have the meaning hydrogen and R4 has 
the meaning -0R41 , then the configuration - according to the rules of Cahn, Ingold and Prelog - is R 
in the 4a position and R in the 10b position. 

Prefen*ed compounds of the fomiula 1 according to embodiment a are those which have, with respect 
to the positions 2, 4a and 10b, the same configuration as shown in the ibnmulae la** and la*** and 




If, for example in compounds of the fonmula la** R3, R31 and R5 have the meaning hydrogen, then 
the configuration - according the rules of Cahn, Ingold and Prelog - is S in the position 2, R in the 
position 4a and R in the position 10b. 

If, for example in compounds of the formula la*** R3, R31 and R5 have the meaning hydrogen, then 
the configuration - according the rules of Cahn, Ingold and Prelog - is R in the position 2, S in the 
position 4a and S in the position 1 0b. 

if, for example in compounds of the formula ia**** R3, R31 and R5 have the meaning hydrogen, then 
the configuration - according the rules of Cahn, ingold and Prelog - is S in the position 2, S in the 
position 4a and S in the position 10b. 

In more particular prefenred compounds of the formula 1 according to embodiment a are those which 
have, with respect to the positions 2, 4a and 10b, the same configuration as shown in the formula 
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If, for example In compounds of the fomiula la***** R3, R31 and R5 have the meaning hydrogen, then 
the configuration - according the rules of Cahn, Ingold and Prelog - Is R in the position 2, R In the 
position 4a and R In the position 10b. 

Prefen'ed compounds of the fomnula 1 according to embodiment b are those which have, with respect 
to the positions 3, 4a and 10b, the same configuration as shown In the formulae 1b** and lb*** and 
lb****: 




If, for example in compounds of the formula lb** R3, R31 and R4 have the meaning hydrogen, then 
the configuration - according the rules of Cahn, Ingold and Prelog - Is R In the position 3, R in the 
position 4a and R in the position 10b. 

If. for example in compounds of the fonmula lb*** R3. R31 and R4 have the meaning hydrogen, then 
the configuration - according the rules of Cahn, Ingold and Prelog - Is S In the position 3, S In the 
position 4a and S in the position 10b. 

If, for example in compounds of the fonnula lb**** R3, R31 and R4 have the meaning hydrogen, then 
the configuration - according the rules of Cahn, Ingold and Prelog - is R in the position 3, S In the 
position 4a and S in the position 10b. 
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More preferred compounds of the formula 1 according to embodiment b are those which have, with 
respect to the positions 3, 4a and 10b, the same configuration as shown in the fomiula lb*****: 




R7 



If, for example In compounds of the formula ib***** R3, R31 and R4 have the meaning hydrogen, then 
the configuration - according the rules of Cahn, Ingold and Prelog - Is S In the position 3, R in the 
position 4a and R in the position 10b. 

Within the meaning of the embodiments a and b according to this invention, compounds of formula 
la***** are in particular to be emphasized. 

The enantiomers can be separated in a manner knoWn per se (for example by preparation and separa- 
tion of appropriate diastereoisomeric compounds).Thus, e.g. an enantiomer separation can be carried 
out at the stage of the starting compounds having a free amino group such as starting compounds of 
formulae 7 or 9b as defined below. 

0R41 




Separation of ttie enantiomers can be carried out, for example, by means of salt fonmation of tiie 
racemic compounds of the fonnulae 7 or 9b witti optically active acids, preferably cartjoxyUc acids, 
subsequent resolution of flie salts and release of the desired compound finom Uie salt Examples of 
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optically active carboxylic acids which may be mentioned in this connection are the enantiomeric 
fonns of mandelic acid, tartaric add, O.O'-dibenzoyltartaric acid, camphoric acid, quinic acid, glutamic 
acid, pyroglutamic acid, malic acid, camphorsulfonic add, 3-bromocamphorsutfonlc add, 
o-methoxyphenylaceflc add, a-methoxy-o-trifluoromethylphenylacetic add and 2-phenylproptonic 
add. Altematively, enantiomericatly pure starting compounds of the fonnulae 7 or 9b can be prepared 
via asymmetric syntheses. Enantiomerically pure starting compounds as well as enantiomerically pure 
compounds of the fonnula 1 can be also obtained by chromatographic separation on chiral separating 
columns; by derivatization with chiral auxiliary reagents, subsequent diastereomer separation and 
removal of the chiral auxiliary group; or by (fractional) crystallization from a suitable solvent 

The compounds according to the invention can be prepared, for example, as shown in the reaction 
schemes below and according to the following spedfied reaction steps, or, particulariy, in a manner 
as described by way of example in the following examples, or analogously or similariy thereto using 
preparation procedures known to the person skilled in the arL 

Reaction scheme 1 shows the preparation of compounds of formula 1 . 
Starting with the compounds of formula 4, In which R1 , R2, R3, R31. R4, R5 and R6 have the 
meanings mentfoned above and C(0)OR stands for a suitable ester group such as an alkyl ester 
(preferably a methyl ester group), the compounds of formula 1 , in which R1 , R2, R3, R31 , R4, R5, R6 
and R7 have the abovementloned meanings, can be obtained by different routes. On the one hand, 
the compounds of tbrmula 1 may be obtained fipom the compounds of formula 4 by direct reaction 
with compounds pf formula R7-H, in which R7 has the meanings given above. 

On the other hand the compounds of fonnula 4 can be first saponified to give the benzoic add 
derivatives of formula 3 

Compounds of formula 3, in which R1, R2, R3, R31 and R6 have the meanings mentioned above and 
R4 or R5 is hydroxyl, (obtainable, for example, from conresponding compounds of fonnula 4, In which 
R4 or R5 is acyloxy, by the abovementioned saponification step affording, beside the free benzoic 
add group, the respective desacylated free hydroxyl group) should be protected by a suitable 
temporary protective group or, preferably, via a<ylation, such as e.g. via aoetylation, reaction known 
per se to the skilled person or as described In the following examples, using e.g. the add chlorides, 
before forttier reaction. 

Benzoic add derivatives of fomnula 3 can ttien be activated prior to the reaction witti compounds of 
fonnula R7-H for example by fonning an add hallde or add anhydride, or by using coupling agents 
known to the person skilled in flie art. such as, for example, N,N'-dl<ydohexylcari50dilmlde, N43- 
dimethylamlnopropyl)-N-ethylcari)odilmide hydrochloride (EDCI) or 2-(1H-benzotriazoIe-1-yl)-1. 1.3,3- 
tetrameUiyluronium hexafluorophosphate (HBTU) (compounds of fonnula 2). 
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Reaction scheme 1 : 




As shown in reaction scheme 2, it is also possible to obtain compounds of fonnula 1 from compounds 
of fbmiula 3 or from compounds of fomiula 2 by initially reacting the compounds of fonnula 3 under 
suitable coupling condrfions (using appropriate coupling agents and additives) or, respectively, 
compounds of fonnula 2, in which Y is for example a chlorine atom, with suitably substituted S-alkyl- 
Isothioureas and then, in a second step, replacing the S-all^l group by a suitably substituted amine. 

Similariy as stated above, the hydroxyl group in the position 2 or 3 of the compounds of fonnula 3 or 
2 should suitably be protected by an appropriate temporary or pennanent protecting group, 
prefer£d)ty, an acyl group (such as e.g. acetyl) prior to said reaction. 

Reaction scheme 2: 
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Similar reacOons are described, for example In Arzneim.-Forsch. (Drug Res.) 25, No. 10, (1975), pp. 
1477-1482 or in the following examples. 

Optionally, compounds of fonnula 1 can be converted into further compounds of the fonnula 1 by 
methods known to one of ordinary skill in the art More spedfically, for eyoample, from compounds of 
the formula 1 in which 

a) R4 or RS is hydroxy!, the corresponding ester compounds can be obtained by esterification 
reactions; 

b) R4 or R5 is hydroxyl. the corresponding ether compounds can be obtained by etherification 
reactions; 

c) R4 or R5 is an acyloxy group, such as e.g. acetyl, the conresponding hydroxyl compounds can 
be obtained by deesteriticafion, e.g. saponification, reactions; 

The methods mentioned under a), b) and c) are expediently carried out analogously to the methods 
known to the person skilled in the art or as described by way of example in the following examples. 

Optionally, compounds of the formula 1 can be converted into their salts, or, optionally, salts of the 
compounds of the fonnula 1 can be converted into the free compounds. 

In addition, the compounds of the formula 1 can be converted, optionally, into their N-oxides, for 
example with the aid of hydrogen peroxide in methanol or with the aid of m-chloropero^benzoic acid 
in dichloromethane. The person skilled in the art is familiar on the basis of his/her expert knowledge 
with the reaction conditions which are specifically necessary for carrying out the N-oxidation. 

Compounds of formula 4 according to embodiment a can be prepared as described and shown in 
reaction scheme 3 below. 
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In the first reaction step of the synthesis route shown in scheme 3, compounds of the formula 8, in 
which R1, R2. R3, R31 , R41 and R5 have the meanings mentioned above in embodiment a and R41 
is other than hydrogen, are prepared from the corresponding compounds of the formula 9 by 
introduction of the group R41 . The Introduction reaction is carried out in a manner habitual per se or 
as described by way of example in the following examples. 

Reaction scheme 3: 




In the next reaction step of synthesis route, the nitro group of compounds of the formula 8, in which 
R1, R2, R3, R31. R41 and R5 have the meanings mentioned above in embodiment a and R41 is other 
than hydrogqn, is reduced to the amino group of the corresponding compounds of thejonmula 7. Said 
reduction is earned out in a manner known to the person skilled in the art, for example as described in 
J. Org. Ghem. 1962, 27, 4426 or as described in the following examples. In more detail, the reduction 
can be carried out, for example, by catalytic hydrogenation, e.g. in the presence of Raney nickel or a 
noble metal catalyst such as palladium on active carbon, in a suitable solvent such as methanol or 
ethanol at room temperature and under normal or elevated pressure. Optionally, a catalytic amount of 
an add, such as, for example, hydrochloric acid, can be added to the soh^enL Preferably, however, 
the reduction is carried out using a hydrogen-producing mbcture, for example, metals such as zinc, 
zinc-copper couple or iron with organic adds sudi as acetic add or mineral adds such as hydrochloric 
add. More preferably, the reduction is canted out using a zino<x>pper couple in the presence of an 
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organic or an inorganic add. Such a zinc-copper couple is accessible in a way known to the person of 
ordinary skill in the art 

Compounds of the fomiula 5, In which R1, R2, R3. R31, R41. R5 and R6 have the meanings indicated 
d)ove In embodiment a, R41 is other than hydrogen and C(0)OR stands for a suitable ester group, 
preferably the methyl ester group, are accessible from the corresponding compounds of the fbnnula 7, 
by reaction with corresponding compounds of the fomnula 6, in which X represents a suitable leaving 
group, preferably a chlorine atom. 

Alternatively, compounds of the fbnnula 5 can also be prepared from the conresponding compounds of 
the fonnula 7 and corresponding compounds of the Ibnnula 6, in which X is hydroxyl. by reaction with 
amide bond linking reagents known to the person skilled in the art Exemplary amide bond linldng 
reagents known to the person skilled in the art which may be mentioned are, for example, the carbodi- 
imides(e.g. dicydohexylcarbodilmlde or. preferably. 1-ethyl-3-(3-dlmethylaminopropyl)carbodllmide 
hydrochloride), azodlcarboxylic add derivatives (e.g. diethyl azodicarboxylate), uronium salts [e.g. 

0- (benzotriazol-1-yl)-N,N,N',N -tetramethyluronium tetrafluoroborate or 0-(benzotriazol-1yl>-N.N,N\N'- 
tetramthyl-uronium-hexafluorophosphatel and N.N'-carbonyldiimldazole. In the scope of this Invention 
prefen-ed amide bond linking reagents are uronium salts and, parficularly, carbodiimldes. preferably, 

1- ethyl-3-(3^imethylaminopropyl)carbodllmide hydrochloride. 

Compounds of the formula 6 are either known or can be prepared In a known manner. 

■ 

Compounds of the formula 4. In which R1. R2. R3. R31. R41, R5 and R6 have the meanings as gh/en 
in embodiment a, R41 is other than hydrogen and C(0)OR stands for a suitable ester group, 
preferably the methyl ester group, can be obtained by (ydocondensatlon of con-esponding compounds 
of the fomiuia 5. 

Said cydocondensation reaction is carried out in a manner known per se to the person sidiled in the 
art or as described by way of ^cample in the following examples, according to Bischter-Napleralski 
(e.g. as described in J. Chem. Soc, 1956, 428(M282) in the presence of a suitable condensing agent, 
such as, for example, polyphosphoric add, phosphonis pentachloride, phosphonis pentoxide or 
phosphonis oxychloride. In a suitable inert solvent, e.g. In a chlorinated hydrocartjon such as 
cWorofonn, or in a cydic hydrocarbon such as toluene or xylene, or another inert solvent such as 
isopropyl acetate or acetonitrile, or w/ithout further solvent using an excess of condensing agent, at 
reduced temperature, or at room temperature, or at elevated temperature or at the boiling temperature 
of the solvent or condensing agent used. 

Below reaction scheme 4 shows the ^thesis of compounds of the fonnula 9, in which R1, R2, R3, 
R31 and R5 have the meanings indicated above in embodiment a, from corresponding compounds of 
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the formula 10 via reduction reaction of the carbonyl group. Suitable reducing agents for the 
abovementioned reduction reaction may include, for example, metal hydride compounds such as, for 
example, dlisopropylaluminium hydride, borane, sodium borohydride, sodium triacetoxyborohydride, 
sodium cyanoborohydride, zinc borohydride, potassium tri-seo-bufyiborohydride, sodium tri-sec- 
butylborohydride, lithium tri-sec-butylborohydride, p-isopinocampheyl-d-borabicycio[3.3.1lnonane and 
the like. The prefenred examples of said reducing agents are sodium cyanoborohydride, p- 
isopinocampheyl-9-borabi(yclo[3.3.1]nonane and potassium tri-sec-bufylborohydride. The most 
preferred examples of the abovementioned reducing agents are p-isopinocampheyl-9- 
borabi(^clo[3.3.1]nonane and potassium tri-sec-butylborohydride, which both allow to prepare 
compounds of the fonmula 10 stereoselectively. ''Stereoselectively" in this connection means that 
those compounds of the fonmula 10, in which the hydrogen atoms in positions 1 and 3 are located at 
the opposite side of the plane defined by the cydohexane ring, are obtained preferentially. 

Reaction scheme 4: 




R3-CH=C(OSi(CH3)3)-C(R5)=CH.R31 (11) 




The compounds of the formula 10, in which R1, R2, R3, R31 and R5 have the meanings mentioned in 
embodiment a, are either known or can be obtained by the reaction of compounds of the formula 12, 
in which R1 and R2 have the meanings mentioned above in embodiment a, with compounds of the 
fbmiula 11, in which R3, R31 and R5 have the meanings mentioned above in embodiment a. The 
(^cloaddition reaction is canied out in a manner known to the person skilled in the art according to 
Diels*Alder, e.g. as described in J. Amer. Chem. See. 19S7, 79, 6559 or in J. Org. Chem. 1952, 17, 
581 or as described in the fblloyving examples. 

Compounds of the tbnnulae 8 or 9, in which the phenyl ring and the nitro group are trans to one 
another, can be converted in a manner known to the person skilled in the art into the corresponding cis 
compounds, e.g. as described in J. Amer. Chem. Soc. 1957, 79, 6559 or as described in the following 
examples. 
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The compounds of the formulae 1 1 and 12 are either known or can be prepared in a known manner. 
The compounds of the fomnula 12 can be prepared, for example, in a manner known to the person 
skilled in the art from corresponding compounds of the formula 13 as described, for example, in J. 
Chem. Soa 1951 , 2524 or in J. Org. Chem. 1944, 9, 170 or as described in the following examples. 

The compounds of the formula 13, in which R1 and R2 have the meanings indicated above, are either 
known or can be prepared in a manner known to the person skilled in the art, as described, for 
example, in Ber. Dtsch. Chem. Ges. 1925, 58, 203. 

Compounds of fomiufa 4 according to embodiment b can be prepared as described and shown in 
reaction scheme 5 below. 

in the first reacfion step in reaction scheme 5 below, the nitro group of compounds of the fonnula IQb. 
in which R1, R2, R3, R31 and R4 have the meanings indicated in embodiment b above, is reduced to 
obtain con-esponding compounds of the formula 9b. Said reduction reaction is carried out in a manner 
known to the person skilled in the art, for example as described In J. Org. Chem. 1962, 27, 4426 or as 
described in the following examples. More specifically, the reduction can be carried out, for example, 
by contacting compounds of the fonmula 10b with a hydrogen-producing mixture such as, preferably, 
metallic zinc in a mildly acidic medium such as acetic add in a lower alcohol such as methanol or 
ethanol at room temperature or at elevated temperature or, preferably, at the boiling temperature of 
the solvent mixture. Attematively, the reduction can be canied out by selective reduction of the nitro 
group in a manner known to the person skilled in the art, for example by hydrogen transfer reacUon in 
the presence of a metal catalyst, for example palladium or preferably Raney nickel, in a suitable 
solvent, preferably a lower alcohol, using, for example ammonium formiate or preferably hydrazine 
hydrate as hydrogen donor. 

Compounds of the fonnula 9b obtained can be reacted, for example, as described by way of example 
in the following examples with compounds of the formula 6, in which R6 has the meanings given 
above, C(0)OR stands for a suitable ester group, preferably the methyl ester group, and X represents 
a suitable leaving group, preferably a chlorine atom, to give corresponding compounds of the formula 
8b. 

Alternatively, compounds of ttie formula 8b, in which R1, R2, R3, R31 , R4 and R6 have ttie meanings 
given above in embodiment b and C(0)OR stands for said suitable ester group, can also be prepared, 
for example, from con'esponding compounds of the formula 9b and corresponding compounds of the 
fonmula 6, in which X is hydroxyl, by reaction with amide bond linking reagents known to the person 
skilled in the art Exemplary amide bond linking reagents known to the person sidlled in the art which 
may be mentioned are, for example, the caritodiimides (e.g. dicyclohexylcarbodiimide or, preferably, 
1-^thyl-3-(3-dimethyIaminopropyi}cart>odiimide hydrochloride), azodicart>oxylic acid derivatives (e.g. 
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diefhyl azodicarboxyiate), uronium salts [e.g. 0-(benzotriazol-1-yl)-N,N,N',N -tetramethylunonium 
tetrafluoroborate or 0-(beruotriazol-1yl)-N,N,N\NMetramthylHironium-hexafluorophos^^^ and N,N - 
carbonyldiimtdazole. In the scope of this invention prefen-ed amide bond linking reagents are uronium 
salts and, particularty, carbodiimides, preferably, 1-ethyl-3-(3-dimethylaminopropyl)carbodilmide 
hydrochloride. 

Reaction scheme 5: 




In the next step compounds of the formula 8b can be converted into con^espondlng compounds of the 
fbmnula 7b by epoxidation reaction, which can be carried out as described in the follovnng examples or 
in a manner known to one of ordinary skill in the art employing, for example, suitable epoxidation 
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methods or suitable epoxidation reagents such as, for example, peradds (e.g. m-chloroperbenzoic 
add) or organic or inorganic peroxides (e. g. dimethyidioxirane, hydrogene peroxide or persulfates). 

Compounds of the fi3rmula 7b obtained can be reduced by art4cnown methods to corresponding 
compounds of the formula 6b. More specifically, said reduction reaction can be peribmned employing, 
for example, as described by way of example in the following examples sodium borohydride as 
reductant Alternatively, said reduction reaction can be also canned out using, for example, lithium 
aluminium hydride or a reductive mixture comprising noble metals, such as platinium dioxide or 
palladium, and a suitable hydrogen donor. With the aid of each of those said reduction methods, 
compounds of the formula 7b can be converted largely regio- and diastereoselectlvely Into compounds 
of the fomnula 6b, wherein the hydroxyl radical in position 1 and the amido radical in position 3 are 
located at the same side of the plane defined by the cyclohexane ring. 

It is moreover known to one of ordinary skill of the art, that the absolute configuration of a chiral 
cartoon atom, preferably, to which a hydroxyl group and a hydrogen atom are bonded, can be inverted. 
Thus the configuratton of the carbon atom in position 1 of compounds of the formula 6b can be 
optionally inverted. Said inversion of configuration of position 1 of compounds of the fbnmula 6b can 
be achieved in a manner femiliar to the person skilled in the art, for example by derivatization of 
position 1 with a suitable leaving group and subsequent replacement of said, leaving group by a 
suitable nudeophlle in a nudeophilic substitution reaction according to SN2 mechanism. Alternatively, 
said inversion of configuration of position 1 of compounds of tiie formula 6b can be also obtained, for 
example, as described by way of example in the following examples according to subsequentiy 
spedfied two step procedure shown in reaction scheme 6 below. In more detail, in the first step of said 
procedure shown in reaction scheme 6, exemplary compounds of tiie fonmula 6b*, in which R1 , R2, R6 
have tfie meanings indicated above, C(0)OR stands for said suitable ester group (preferably tiie 
metiiyl ester group) and R3, R31, R4 are hydrogen and position 1 has tiie R configuration, are 
converted by oxidation reaction into corresponding compounds of the fonnula 11b. Said oxidation is 
likewise canied out under conditions customary per se using, for example, chloranil, atmospheric 
oxygen, manganese dioxide or, preferably, chromium oxides as an oxidant Then in the second step, 
compounds of tiie fonmula 11b obtained are converted by art-known reduction reaction of the keto 
group, preferably witii metal hydride compounds or, more spedfically, metal borohydrides, such as, for 
^mple, sodium borohydride, into corresponding compounds of fonmula 6b'^, in which position 1 has 
now S configuration and ttius the configuration of the carbon atom in position 1 is now inverted 
regarding to said compounds of tiie fonmula 6b*. 

Reaction scheme 6: 
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In the next reaction step of the synthesis route shown in reaction scheme 5 shown above, compounds 
of the formula 6b are converted into corresponding compounds of the fomnula 5b by introduction of the 
group R51, in which R51 is other than hydrogen. The introduction reaction is earned out in a manner 
habitual per se (e.9. via all^ation or acylation reaction) or as described by way of example in the 
following examples. 

The (^dization reaction leading to compounds of the fonnula 4 can be canted out, for example, as 
described by way of example in the following examples or analogously or similarly thereto, or as 
mentioned above for compounds according to embodiment a. 

Compounds of the formula 10b, In which R1, R2, R3, R31 and R4 have the abovementioned 
meanings, are either known or can be obtained, for example as shown in reaction scheme 7, by the 
reaction of compounds of the fonmula 12, in which R1 and R2 have the abovementioned meanings, 
with compounds of the formula 12b, in which R3, R31 and R4 have the meanings indicated above. 

Reaction scheme 7: 




R3-CH=C(R4)-CH-CH-R31 (12b) 
R4 
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The cycloaddition is in this case carried out in a manner known to the person skilled in the art 
according to Diels-Alder, e.g. as described in J. Amer. Chem. Soa 1957, 79, 6559 or in J. Org. Chem. 
1952, 17, 581 or as described In the following examples. 

Compounds of the fbmnula 10b, in which the phenyl ring and the nitro group are trans to one another, 
can be converted such as known to the person skilled in the art into the corresponding ds compounds, 
e.g. as described in J. Amer Chem. Soc. 1957, 79, 6559 or as described in the following examples. 

The compounds of the formula 12b are either known or can be prepared in a known manner. 

In an alternative, compounds of the formula 5b, in which R1, R2, R3, R31, R4, R51 and R6 have the 
meanings given above in embodiment b whereby R51 is other than hydrogen and C(0)OR stands for 
said suitable ester group, preferably the methyl ester group, (particularly compounds of formula 5b, in 
which R1, R2, R51 and R6 have the meanings given above in embodiment b whereby R51 is other 
than hydrogen, and R3, R31 and R4 are all hydrogen) can also be obtained as shown In reaction 
scheme 8 and as described by way of example in the following examples. 

In the first reaction step of the route outlined in reaction scheme 8, the amino group of compounds of 
the fonnula 9b is protected with an art-known protective group PG1 , such as e.g. the tert- 
butoxycarbonyl group. The proteced compounds are subjected to hydrotKHafion reaction to obtain over 
two steps compounds of fonnula 14b. Said hydroboratlon reaction is carried out as described in the 
following examples using an appropriate (hydro)borating agent such as e.g. 9-BBN, 
isopinocampheyiborane or the like, or, particulariy, borane-tetrahydrofuran (HaB-Ti-iF), advantageously 
at ambient temperature. The compounds obtained are tiien converted into compounds of the fomnula 
14b by Introduction of the group R51 whereby R51 is other than hydrogen in a manner analogously as 
described above. 

In the next reaction step of the synthesis route shown in reaction scheme 8, compounds of fonmula 
14b are converted into corresponding compounds of the formula 5b according to embodiment b by 
deprotection of the protective group PG1 and amidification with compounds of the formula 6. Said 
reactions are carried out in a manner habitual per se or as described in the spectficaflon of this 
invention or in the following examples. 

if necessary, the product obteined via said hydroboration reaction or, suitably, the R51 -substituted 
derivative thereof is purified from resulting stereo- and/or regioisomeric side products by metiiods 
known to the person skilled in the art, such as e.g. by chromatographic separation techniques. 

Reaction scheme 8: 
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C(0)OR 



It is also known to the person skilled in the art that, if a plurality of reactive centers are present in a 
starting material or intermediate. It may be necessary to temporarily block one or more reactive 
centers with pix>t8ctive groups so that a reaction takes place only at the desired reactive center. A 
detailed description of how to use a large number of proven protective gix>ups can be found, for 
example, in T.W. Greert&! Protective Groups in Organic Synthesis, John Wiley & Sons, 1991 or t999 
(3"^ edition), or in "Protecting Groups (Thieme Foundations Organic Chemistry Series N Group)" by P. 
Kodenski (Thieme Medical Publishers, 2000). 

The substances according to the Invention are Isolated and purified in a manner known per se, for 
example by distilling off the solvent under reduced pressure and recrystattizing the residue obtained 
from a suitable solvent or subjecting it to one of the customary purification methods, such as, for 
example, column chromatography on a suitable support material. 

Salts are obtained by dissolving the free compound in a suitable solvent (e.g. a ketone, such as 
acetone, methyl ethyl ketone or methyl isobutyl ketone, an ether, such as diethyl ether, 
tetrahydrofuran or dtoxane, a dilorinated hydrocari^on, such as methylene chloride or chlorofbmi, or a 
low-molecular-weight aliphatic alcohol, such as ethanol or isopropanol) which contains the desired add 
or base, or to which the desired add or base is then added. The salts are obtained by filtering, 
repredpitating, predpitating with a nonsolvent for the addition salt or by evaporating the solvent Salts 
obtained can be converted into the free compounds, which can in tum be converted into salts, by 
alkalization or by addification. In this manner, phannacologically unacceptable salts can be converted 
into phannacologically acceptable salts. 
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Suitably, the conversions mentioned in this invention can be carried out analogously or similarty to 
methods which are familiar per se to the person skilled in the art 

The person stalled in the art knows on the basis of his/her loiowledge and on the basis of those 
synthesis routes^ which are shown and described within the description of this invention, how to find 
other possible synthesis routes for compounds of the formula 1. All these other possible synthesis 
routes are also part of this invention. 

Having described the invention in detail, the scope of the present invention Is not linuted only to those 
described diaracteristics or embodiments. As will be apparent to persons skilled In the art, 
modifications, analogies, variations, derivattons, homologisations and adaptations to the described 
invention can be made on the base of art-known knowledge and/or, particulariy, on the base of the 
disclosure (e.g. the explicite, implidfe or inherent disclosure) of the present invention without 
departing from the spirit and scope of this invention as defined by the scope of the appended claims 

The following examples serve to Illustrate the invention further without restricting it Likewise, further 
compounds of the formula 1, whose preparation is not explicitly described, can be prepared in an 
analogous manner or in a manner familiar per se to the person skilled in the art using customary 
process techniques. 

The compounds which are mentioned in the following examples as end products as well as their salts 
are a preferred subject of the present invention. 

in the examples, m.p. stands for melting point, h for hour(s), min for minutes, Rf for rentention factor in 
thin layer chromatography, s.p. for sintering point, EF for empirical formula, MW for molecular weight, 
MS for mass spectaim, M for molecular ion, other abbreviations have their meanings customary per 
se to the skilled person. According to common practice In stereochemistry, the symbols RS and SR 
are used to denote the specific configuration of each of the chiral centers of a racemate. In more 
detail, for example, the term "(2RS,4aRS,10bRS)'' stands for a racemate (racemic mbcture) comprising 
the one enantiomer ha\nng the configuration (2R,4aR,10bR) and the other enantiomer having the 
configuration (2S,4aS,10bS). 
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Examples 
End products 

1. N'-<1-fH(2RS.4aRS,10bRS)-8-(1,1 -DifluoroHnethoxy)-2-hydix>xy.8-inethQxy- 
1,2^/t^,10b4iexahydroi)henanthridin-6-yQ-phenyl}-melhanoyl)-N,N<^ 

The title compound is obtained in an analogous manner as described for compound 4 using the 
appropriate starting compound mentioned below as compound 7 to 12. 
EF: C27Ha2F2lM404. MW: 514.58. MS: found: 515.1 (MH*) 

2. N-(1nAinino-1-azocan-1-yi-inefhylene}-H(2RS^RS,10bRS)-9-(1.1 ■difluoro-inethoxy)-2- 
hydro3Qr-8-meth«Qr-1.2,3^^,10b-he3ahydroi>henanfhrid(n-6-yq>benzamide 

The 6tie compound is obtained in em analogous manner as described for compound 4 using the 
appropriate starting compound mentioned below as compound 7 to 12. 
EF: C3oH36F2l^04, MW: 554.64, MS: found: 555.3 (MH*) 

3. N45yclopropyl44M1^4-[(2RS,4aRS,10bRS)-0-<1.1-dIfluoro-niethoxy)-2-hydroxy-8- 
metho3gr-1,2,3A4a,10b4iexahydro-phenanthr1dln-6-yl]-phenyl}-mettianoyI)-guanidine 

The title compound is obtained In an analogous manner as described for compound 4 using the 
appropriate starting compound mentioned bstaw as compound 7 to 12. 
EF: C26H28F2N4O4. MW: 498.53. MS: found: 499.2 (MH*) 

4. N-[1-<4-Acetyl-plperazin-1-yl)-1-amlno-mefliylene]-4-((2RS^RS,10bRS)-2-hydro}v-8.9- 
dimethoigr-1,2;3/Ma,10b-hexahydn>-phenanthridin-6^l)4ienzamide 

484 mg of acetic add (2RS.4aRS,10bRS)-6-(4-ff1-{4-acetyl-pipera2in-1-yl)-1-amino-methylene]- 
carbamoyl)-phenyi)^,9-dimethoxy-1,2.3.4.4a,10b-hexahydRH)henanthiidln-2-yl ester (compound 10) 
and 137 mg of cesium carbonate are stned in 10 ml of methanol for 16 h at room temperature. The 
solvent is removed and the solid residue purified by chromatography on silica gel to yield 235 mg of 
the title compound. < , 
EF: QagHssNsOa MW: 533.63. MS: found: 534.2 (MH*) 

5. N,N.DIethyl-N'-{1-[4.((2RS,4aRS,10bRS)-2*ydrx)xy-8,9K«methoxy-1A3,4.4a,10b- 
hexahydro-phenanthridin-6-yl)-phenyl]-methanoyl}^uanldine 

The title compound is obtained in an analogous manner as described for compound 4 using the 
appropriate starfing compound mentioned below as compound 7 to 1Z 
EF: C27H34N4O4. MW: 478.6. MS: found 479.1 (MH*) 

6. N-<1nAmino-1-azocan-1-yi-methylene)-4-((2RS^RS,10bRS)-2-hydro]^-8,9-dim6tho]v- 
1,2|3,4/4a,1 Ob^exahydro-phenanthridin«&yl)-benzamide 



wo 2005/077906 



PCT/EP2005/050708 



-40- 

The title compound is obtained In an analogous manner as described for compound 4 using the 
appropriate starting compound mentioned below as compound 7 to 12. 
EF: C30H38N4O4, MW: 518.66, MS: found: 519.2 (MH*) 

The compounds 7 to 9, 11 and 12 are obtained In an analogous manner as described lor compound 
10 using the appropriate compound A1 or A2 and the appropriate art-known amine compounds. 

7. Acetic acid (2RS,4aRS,10bRS)-6.{4-t1-{N%N'<Bethyl^uanIdIno)-methanoyI].phenyl}-9- 
(1,1-dlfluoro-methoxy)-&-methoxy-1,2^^10b-hexahydro^henanthrldln-2-y^ 

8. Acetic acid (2RS,4aRS,10bRS)-6-{4-[(1^mino-1*azocan-1-yl-4ne1hylene)-carbamo 
phenyi}*9-<1.1-difluoroHnethoxy)-«4netho3v.1A3A4a,10b-hex^ 

9. Acetic acid (2RS,4aRS,10bRS)-6H4-[1-(N'-<vclopropyl-guanldino)-methanoyq-phenyO^^^ 
(1,1<iifluoro-mefhoxy)-8-methoxy-1,2,3,4/la,10b-hexahydK>-phenanthrM 

10. Acetic acid (2RS,4aRS,10bRS)-eK4^£1K4<icetyl-pIperazln-1-yl)-1-amlno-melhy^^ 
carbamoyQ-phenyO-8,9-dimetho3v-1,2,3^/la,10b4texahydro-phenanthri^ ester 
743.4 mg of acetic acid (2RS,4aRSJ0bRS)-8,9Kilmetho)v-€H:4-IH2Hnethyl-lOT 
methanoyl]-phenyl}-1,2,3.4,4a.10b-hexahydro-phenanthridln-2-yl ester (compound A1), 384.5 mg of 
1-acetylpipeizIne and 0.416 ml of triethylamlne are stinned In 10 ml of 1,4-dloxane at 90**C for 5 days. 
After 2 days another 384.5 mg of 1-acetylplperazlne are added to the reaction mixture^<The solvent is 
removed and the residue three times coevaporated with dichloromethane, than one time with toluene. 
After redissolving in 25 ml of dichloromethane the solution is extracted with water and aqueous 
saturated KHCOa solution successively and the aqueous KHCOa phase reextracted with 
dichloromethane. After drying the combined organic layers with sodium sulfate the solvent is removed 
and the residue purified by chromatography on silica to yield 530 mg of the title compound. 

11. Acetic acid (2RS^RSJ0bRS)^4^1-(N%N'Kliethyl-guanldmo)-methanoyll-phenyl}^^^ 
dimethoxy-1,2^^^,10b-hexahydro-phenanthridin-2-yl ester 

■ 

12. Acetic acid (2RS^RS,10bRS)-6'-C4-[(1-amino-1-azocan-1*yl-methylene)H:arbamoyq 
phenyI}-8|9-dimethoxy-1,2,3A4a,10b4iexahydro-phenanthrIdin-2-yI ester 



* 



wo 2005/077906 



PCT/EP2005/050708 



.41 - 



Starting Compounds 

A1. Acetic acid (2RS^RS,10bRS)-8.9-dIinethoxy^441-(2-methyI-Isothtoureldo)^n6thanoyiJ- 
phenyl}.1,2^^,4a,1 Ob4iexahydro-phenanthridin-2-yl ester 

3.051 g of 4-((2RS.4aRSJ0bRS).2Haceloxy-8,9Klimethoxy-1.2.3.4.4a.10Wi8xahydro^^^ 
yl)-benzoic add (compound B1). 3.00 g of S-methyHsolhfourea-«uHat© and 1 0 mg of 4- 
dlmethylamlnopyritfine are dissolved in 60 ml of acfeonitril, than 1.80 g of 1-ethyl-3^3- 
dimethylamlnopropyl)carbo(lilmlde hydrochloride and 1.23 ml of N-ethyl-diisopropylamin are added. 
After stirring for 16 hours the sohrent is removed. The residue is dissolved in 20 ml of water and 
extracted wHh dichloromethane. After drying the combined organic layers with magnesium sulfate the 
solvent is removed to yield 3.652 g of the title compound as a yellow foam which is direcOy submitted 
to further reaction without purification. 

A2. Acetic acid (2RS^RS,10bRS)4H1,l^muoro-methoxy)^ethoxy-6-{4-[1K2.fflethyl- 

lsothloureldo)-methanoyl]-phenyl)-1,2,3^^,10b-hexahydro-phenanthridln^^l ester 

The trile compound is prepared analogously as described in Example A1 starting fiom compound B2. 

B1. 4H(2RS,4aRS,10bRS)^^cetoxy-WKHmethoxy-1 ,2,3A4a,10b-hexahydro-phenanthridln-6- 
yl}-benzoic acid hydrochloride 

8.1 g of (2RS.4aRS,10bRS)-6-(4-caiboxyphenyl)-8.9KtimethQxy^1,23A4a,10b)-hexahydrt^ 
phenanthridin-2-ol (compound CI) are suspended In 35 ml of dichloromethane and 40 ml of acetyl 
chloride are added dropwise. After stlnrlng for 1 h at room tempetature, the mixture is concentrated 
and the residue is dissolved In aqueous 1 M disodlum hydrogenphosphate solution at pH 6-7. Under 
stirring concentrated hydrochloric add is added, the resulting predpitate is filtered off and dried in 
vacuo to give 4.65 g of the title compound as beige hydrxMhIoride salt 
The free add is obtained by dissolving the hydrochloride salt in water at pH 6-7, removal of the 
solvent In vacuo, leaching the resulting yellowish residue with boiling chloroform and concentration of 
the obtained chlorofonm solution. 
EF: C2«H25NOe; MW: 423.47 
MS: 424.3 (MH*) 

B2. 4K(2RS^RS,10bRS)-2^cetoxy-a-(1,1-dmuoro^nethoxy>«-methoxy-1A3*4^10b- 
hexahydro^henanthridin-6-yI)-benzolc acid 

The title compound is obtained in two steps starting frx)m compound C2 by saponification analogously 

as described in Example CI followed by acetylation of obtained intennediate (2RS.4aRS.10bRS)-6-(4- 

cart)oxyphenyl).&<1,1.dlfluoro-methoxy).e^netho3<l^{1.2.3.4,4a,10b 
analogously as described in Example B1. 

EF: CaHasFaNOe: MW: 459.45 

MS: 460.3 (MH*) 
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CI. (2RS,4aRS,10bRS)-e-(4-caitoxyphenyl)-8^Kiimethoxy-(1.2,3.4.4a,10b)-hexahydn>- 
phenanthrldin>2s>l 

A solution of 290 mg of acetic add (2RS.4aRS.10bRS)-6-(4-methoxycart)onylphenylK9-dim&thoxy- 
(1 ,2.3.4.4a. IObHiexahydrophenanthridin-2-yl ester (compound D1) In 10 ml of isopropanol is treated 
dropwrtse with aqueous fithium hydroxide solution to adjust to pH 10. Stirring is continued for 72 h. the 
reaction mixture is neutrally with phosphate bufBer solution and extracted with dichloromethane. 
The aqueous layer is concentrated and the residue Is leached with a boiling mixture of ethyl acetate 
and methanol. The organic solvents are removed to obtain 90 mg of the title compound as a 
yellowish foam. 
EF: C22H23NO6; MW: 381.43 
MS: 382.4 (MH^ 
M.p.: 172-183*0 

Alternative procedure: 

A solution of 6.68 g of acetic add (2RS,4aRS,10bRS)-6-(4-methoxycarbonylphenyl)-8,9-dimethoxy- 
(1.2.3,4.4a.10b)-hejrahydiiophenanthridin-2-yI ester (compound D1) in 250 ml of methanol is treated at 
boiling temperature with a solution of 2.0 g of sodium hydroxide In 15 ml of water comprising a 
catalytic amount of hydrogen peroxide (30% strength). Stirring Is continued lor 1.5 h under reflux, the 
reaction mixture is cooled and treated with halfooncentrated aqueous hydrochloric add to adjust to pH 
6-7. The solvents are evaporated and the residue is dried in vacuo to obtein 8.1 g of a yellowish solid, 
which can be used vwthout hirthg^ purification in the next step. The free add is obteined by leaching 
the residue with boiling chloroform and concentration of the resulting chloroform solution. 

C2. 4^(2RS^RS.1ObRS)-2nAcet(»y-9-(1,lKimuoroHmethoxy)-8-me0iQaqr-1,2.3,4«4a,1Ob^ 
hexahydroi}henanthi1dIn-6^q-benzoic acid methyl ester 

500 mg of N-{(1RS,2RS.4RS)^aceto;v-243-(1.1-difluor<Hnettio;yH-methoxy-f)henyQKydohexyl^ 
terephthalamlc add mefliyl ester (compound D2) are dissolved in 2 ml of phosphorus oxychloride and 
heated for 4.5 h at 100 'C. After ^ling to room temperature \he sample is diluted with 10 mi of 
dichloromethane and added dropwise to an aqueous sodium hydroxide solution. The water layer is 
extracted twice witti dichlorometiiane. The soh^ent Is removed and the crude product purified by 
chromatography on silica gel to give 310 mg of tiie titie compound as a cdouriess foam. 
EF: CasHzsFaNOe: MW: 473.48 
MS: 474.2 (MH^ 

D1. Acetic add (2RS,4aRS,10bRS}-6-(4Hnefho]vcarbonylphenyl)-8,9Kiimethoxy- 
(1,2,3,4,4a,10b)-hexahydrophenanthridin-2-yl ester 

10.8 g of phosphorus pentechloride are suspended in 170 ml of isopropyl acetete, 8.1 g of acetic add 
(1RS,3RS,4RS)-4-{[1-(4-methoxycarbonylphenyl)metiianoyIIamlno}-3-(3,4- 
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dimethoxyphenyi)cyclohexyl ester (compound El) dissolved 100 ml are added and the mixture is 
sttmed. When reaction is complete, a mixture of 100 ml of triethylamine and 100 mi of isopropyl 
acetate is added dropvwse at O^C. After diluting with 80 ml water at O^C and phase separation, the 
aqueous phase is retracted three times with each 60 ml of dichloromethane. The organic phases are 
dried using magnesium sulfote. After concentrating, the residue Is recrystalTized firom ethyl 
acetate/cydohexane to give 5.68 g of the title compound. 
EF: C25H27NO6; IWW: 437.50 
MS: 438.3 (MH*) 

Rf = 0.62 (petroleum ether/ethyl acetate/triethylamine = 6/3/1) 
M.p.: 184-185X 

DZ N-{(1RS^RS,4RS)-4-Acet03r^-2-{3-(1,1<iifluoro-methoxy)-4-methox^^ 
terephthalamic acid methyl ester 

The title compound is prepared analogously as descrit)ed in Example El starting Irom compound E2. 
EF: C25H27F2NO7; MW: 491.49 
MS: 492.0 (MH^ 

El. Acetic acid (1RS,3RS,4RS)-4-{[1-<4-methoxycarbonylphenyl)methanoyl]amlno}-3-(3,4- 
dimethoxyph6nyl)cyclohexyl ester 

1.6 g of acetic add (1RS,3RS,4RS)-4-amino-3-(3,4-dimethoxyphenyl)cydohexyl ester (compound F1) 
are dissolved In 30 ml of dichloromethane. 982 mg (5>I5 mmol) of terephthalic acid monomethyl ester 
an^:2Sg (6.74 mmol) of N-ethyl-N'-(3<llmethylamlnopropyl)carbodiimIde tjtjjdrochloride are added 
successively under stirring. After 3 h further 18 mg (0.1 mmol) of terephthalic add monomethyl ester 
are added. After 15 h the reaction is treated with aqueous hydrodilorio add and extracted several 
times with dichloromethane. After evaporation of the combined organic phases, the crude product is 
crystallized from ethyl acetate/cyclohexane to give 1.87 g (73 % of theory) of the title compound as 
oolouriess solid. 
EF: C2SH29NO7: MW: 455.51 
MS:^4562 (MH^ 

Rf = 0.69 (ethyl acetate/triethylamine = 9/1) 

Starting finom the appropriate compound F1 or E2 to E7, and the appropriate benzoic acid derivative 
further compounds acooiding to this invention can be obtained according to the procedure as in 
Example El or analogously or similarty thereto. 

EZ Acetic add (1RS,3RS,4RS)-4^ino-3H[3-(1,1-difluoro-metho^)-4-metho)v-phenyl]- 
cyclohesgrl ester 

The title compound is prepared analogously as described in Example F1 starting from compound FZ 
EF: C16H21F2NO4; MW: 329.35 
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MS: 330.0 (MH*) 

E3. Acetic acid (1 RS,3RSg4RS)-4-amlno-3H3-ethoxy-4-methoxy*pheny Q-cycloh^^ ester 
Starting from compound F3 mentioned below, tlie title compound is obtained analogously to the 
procedure as in Example F1 . 
EF: C17H26NO4; MW: 307.39 
MS: 308.0 (MH*) 

ESa. Acetic acid (1 R,3R^R)-4*amlno-3-<3-etho3^-44neth03qr-pheny l)-cyclohe3Qrl ester 
24.0 g (55.0 mmol) of tlie pyroglutamate of the title compound (compound E3b) are suspended in 150 
ml of water, 100 ml of dichloromethane are added, then saturated KHCOa-solution until the gas 
evolution ceased. After phase separation, reextraction of the water layer and drying the combined 
organic layers with sodium sulfate the solvent is removed to give 16.9 g of the satt-tee title 
compound. 

Analytical Column Chromatography (CHIRALPAK AD-H 250 x 4.6 mm 5 p No.ADH0CE-DB030, 
Eluent n-Hexan/iPrOH = 80^20 (v/v) + 0.1 % DIethylamine): Retention Time: 6.54 min 

E3b. Acetic acid (1 R,3R,4R)-4-amino<^-<3-etho3Qf <4Hneth03^-phenyi)<yclohexyl ester, salt 
with L-pyroglutamic acid 

Solution A: 55.2 g (180 mmol) of racemic acetic acid (1RS,3RS,4RS>4-amino-3-(3-etho)^-4Hfnethoxy- 
phenyl)-<^clohexyl ester (compound E3) are dissolved in 540 ml of isopropyl acetate. 
Solution B: 18.6 g (144 mmol) of L-pyroglutamic add are (^jgsotved in 260 ml of isopropanol under 
heating, ttien 290 ml of isopropyl acetate is added carefully. 

Solution B is added to solution A and left for 48 hours. The solid is filtered off and washed with a little 
isopropyl acetate to give after drying 32.48 g coloriess crystals with a ratio of the enantiomeis of 97:3 
in favour of the title compound. 
M.p.: 165-167** C 

E4. Acetic acid (1RS,3RSp4RS)-4^mino<^-[4-(1,lKlifluproHnethoxy)<^-ineth03v*phenyq- 
qrclohesQf I ester 

Starting from compound F4 mentioned below, the title compound is obtained according to the 
procedure as in Example F1. 
EF: C16H21F2NO4: MW: 329.35 
MS: 330.0 (MH*) 

E5. Acetic add (1 R8,3RS,4RS)-4<imlnO'3-[3-(2^-dlfluoro-ethoxy)'4-metho3^-phenyq- 
qrclohexyl ester 

Starting from compound F5 mentioned below, the title compound is obtained according to the 
procedure as in Example F1. 
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ESa. Acetic add (1 l^3IV»R)■4-amino-3^3K2,2-dmuoro^oxy)•4^nethoJ^y^>heny^•cycIohexyI 
ester 

The title compound is obtained from its pyroglutamate salt (compound E5b) analogously as described 
for compound E3a using sodium tiydrogencarlranate solution. 

ESb. Acetic add (1R.3R*4R).4-amrno-3^2;islifluoro^thoJcy)-4HnethojyiihenyOHydohej^^ 
ester, salt with L-pyroglutamlc acid 

343 mg (1.00 mmoi) of acetic add (1RS.3RS,4RS)-4^no-3-[3-(2.2-difluoro-ethoxyH-methoxy^ 
phenyO-cydohexyl ester (compound E5) are dissolved in 3 mi of isopropanol. A solution of 103 mg 
(0.80 mmoi) of L-pyrogiutamic add in 2 ml of isopropanol is added. After filtering and drying 162 mg 
of tiie pyroglutamate are isolated with an enantiomeric ratio of 97 : 3 in favour of the fifle compound. 

E6. Acetic acid (1SR,3RS,4RS).3^mlno-4-(3^thoxy-4-methoxy-phenyl)-cyclohexyl ester 
3.0 g (7.36 mmoi) of acetic add (1SR.3RS.4RS)-3-tert-butoxycarbonyIamino-4-(3-eUioxywt-mettioxy- 
phenyO-cydohexyl ester (compound F6) are dissolved in 6 ml of 4 M HCI in dioxane and stirred for 30 
min. After removal of ttie solvent tfie residue is dissolved in dichloromefliane and 25 ml of sat 
NaHCOa solution are added carefuUy. After phase separation, reextracfion of Oie water layer and 
drying of tiie combined organic layers (Na2S04) tiie solvent is removed to give 2.25 g of ttie tiUe 
compound. 

EF: C17 H25 N 04; MW: 307.39 
MS: 308.1 (MH*) 



E7. Acetic add (1SR,3RS.4RS)-3^ino-4-(3,4^imethoxy-phenyi)-eyclohexyI ester 

The tiUe compound can be obtained from conopound F7 analogously as described for compound £6. 

F1. Acetic add (1RS,3RS,4RS)-4^lno-3-(3,4-dimethoxyphenyl)cyclohexyl ester 
A solution of 10.37 g of acetic add (1RS.3RS.4RS)-3-(3.4-dimettioxyphenyl)-4-nitix)cydohexyl ester 
(compound 61 ) in 240 ml of etiiand is added to a zirKwwpper couple, prepared from 1 6.8 g of zinc 
powder and 920 mg of copper (II) acetate monohydrate in acetic add, ttie resulting su^ension is 
refluxed and treated with 26 ml of acetic add, 3J2 ml of water and 26 ml of etiianol. The resulting 
mixture is refluxed for ftirtiier IS min. The precipitate is filtered off witti suction and ttie solvent is 
removed. Chromatographical purification on silica gel using a mixture of petroleum eOier/etfiyl 
acetate^etiiylamine in tiie ratio 2/7/1 and concentration of ttie corresponding eluate fractions afford 
5.13 g (55 % of ttieory) of the tiOe compound as a pale brown oil. 
Rf = 0.35 (petroleum eUier/etiiyl acetate/triettiylamine = 2^/1) 

F2. Acetic acid (1 RS,3RS,4RS)-3-p-(1 11 •<iifluoro-methoxy)-4-methojv^henyll-4. 
nitrocyclohexyi ester 
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The title compound is prepared analogously as described in Example G1 starting from compound 62. 

Starting from the appropriate compound G3 to G5 mentioned below, the following compounds F3 to 
F5 are obtained according to the procedure as in Example G1. 

F3. Acetic acid (1 RS,3RS,4RS)«3-(3-ethoxy-4-niefhoxy-pheny l)-44iitrocyclohexy! ester 

F4. Acetic acid (1 RS,3RS,4RS)-3-[4-(1 ,1 -difluoro-inethoxy)-3-metho^-pheny l]-4- 
nitrocyciohesqfi ester 

F5. Acetic acid (1 RS,3RS,4RS)-3-[3-(2,2-<lifluoro-ethoxy)-4-methoxy-phenyl]-4- 
nitro^clohexyl ester 

F6. Acetic acid (1SR,3RS,4RS)'d-tert-butoxycarbonylamino^-(3-«tho3cy-4Hmethoxyi^ 
cyclohexyi ester 

22.64 g (65 mmol) of [(1 RS,6RS)-6-(3-ethoxy-4-methoxy-phenyl)-cydohex-3-enyQ-cari>amic acid tert- 
butyl ester (compound G6) are dissolved in 180 ml of THF and 50 ml of BH3 (1 M solution in THF) are 
added dropwlse (30 min). After stim'ng for 2 h the mixture is cooled using an ice bath and a mixture of 
30 ml of H2O2 (30%) and 60 ml of aqueous NaOH (3 M) is added. The mixture is stirred for 30 min at 
room temperature. 400 mi of water and 200 ml of dichloromethane are added. After phase separation, 
reextraction of the water layer and drying of the combined organic layers (Na2S04) the solvent is 
removed and the crude product (23.42 g, mixture of the two mentioned regioisomers >- 2:1 in favour of 
the titie compound) is used directly wiUiout further purification. 

The crude material from above tiien is dissolved in 50 ml of pyridine. 50 mg of 4- 

dimetiiylamlnopyridine and 60 ml of acetic anhydride are added and tiie mbdure stirred for 90 min at 

lOO^'C. The solvents and the acetic anhydride are removed (sat NaHCOa solution). Purification by 

means of chromatography yields 9.4 g of the titie compound as coloriess foam. 

EF: C22 H33 N 06; MW: 407.51 

MS: 308.1 (MH*-Boc), 407.8 (MH*), 430.1 (MNa*) 

F7. Acetic acid (1SR,3RS^RS)^-tert4)utoxycarbonyiamino-4-(3^lmethoxy-phenyi)- 
cyclohesQf I ester 

The titie compound can t>e obtained firom compound G7 analogously as described for compound F6. 

G1. Acetic acid (1RS,3RS,4RS)-3-(3,4-dimethoxyphenyi)-4-nitro<^clohexyl ester 
10.18 g of (1RS,3RS.4RS>-3-(3,4-dime«ioxyphenyl)-4-nitrocyclohexanoI (compound HI) are dissolved 
in 100 ml of acetic anhydride and Uie solution is heated to lOO^'C for 1-2 h. After removal of the 
solvent, tiie residue Is chromatographed on silica gel using a mixture of petroleum eUier/ettiyt acetate 
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in the ratio 2/1. Concentration of the corresponding eluate fractions furnish 10.37 g (89 % of theory) of 

the title compound as an oil. 

Rr= 0.32 (petroleum ether/ethyl acetate ^ 2/1) 

G2. (1 RS,3RS^RS)-3^(1,1 -Difluoro-methoxy)-4-methoxy-phenyq-4-nitrocycIohexanol 

The title compound is prepared analogously as described In Example HI starting from compound HZ 

Starting from the appropriate compound H3 to H5 mentioned below, the following compounds G3 to 
65 are obtained according to the procedure as in Example HI. 

G3. (1 RS»3RS,4RS)-i3-{3-Ethoxy-4^ethQxy-pheriyl)-4<iitrocydoh 

64. (1 RS,3RS,4RS)^[4-(1,1 -Dlfluoro-methoxy)^methoxy^heny Q^nftrocyclohexanol 

65. (1RS,3RS^RS)-^-I3-(%2-Dmuoro-ethoxy)-4-methoxy-phenyq-4-nto^ 

66. [(1 RS,6RS)-6-(3-Ethoxy-4-methoxy-pheny Q-cyclohex-^S-enyQ-carbamic acid tert-bufyi 
ester 

Starting from (1RS,6RS)-6-(3-ethoxy-4-methoxyi)henyl)-cyclohex-3-enylamlne (compound H6) the 
fifle compound is obtained analogously as described for compound 67. 
EF: C20 H29 N 04; M W: 347.46, 
rMS: 370.1 (MNa*) 

67. [(1 RS,6RS)-6-(3/t-Dimethoxy-phenyI)-<^clohex-3-enyQ-carbamic acid tert-butyl ester 
15.18 g (65.06 mmol) of (±)-cls-6-(3,4HJimethoxyphenyl)-cyclohex-3-enyIamine (compound H7) and 
14.21 g (65.11 mmol) of B0C2O are stinred in dichloromethane for 2.5 h, then the solvent is removed 
and the residue crystallized from ethylacetate/n-heptane to give 19.1 g of the title compound. 

EF: C19 H27 N 04; MW: 333.43, 
MS: 334.2 (MH*) 

HI. (1RS,3RS,4RS)-3-(3/t-Dimethoxyphenyl)-4-nitrocyclohexanol 

10 g of (1RS.3RS.4SR)-3-(3,4-dimethoxyphenyI)-4-nifrocyclohexanoI (compound II) are dissolved in 
170 ml of absolute 1,2-dimethoxyethane. 14.3 ml of a 30 % solution of sodium methanolate in metha- 
nol are added dropwise. After complete addition, stirring is continued for 10 min and a mixture 
consisting of 85 % phosphoric add and methanol is added to pH 1. By adding of saturated potassium 
hydrogencarbonate solution the resulting suspension is neutralized. The mbdure is diluted with water 
and didiloromethane. the organic layer is separated and extracted with dichloromethane. The solvents 
are removed under reduced pressure to yield the title compound as a pale yellow oil, which 
crystallizes. The title compound is used without further purification in the next step. 
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Rf= 0*29 (petroleum ether/ethyl acetate = 1/1} 
M.p.: 126-127*C 

H2. (1 RS,3RS^R)-^-[3-(1 ,1 -Difluoro-inethoxy)-4-methoxy-pheny Q^ltrocyclohexanol 

The title compound is prepared analogously as described in Example II starting from compound 12. 
Starting from the appropriate compound 13 to 15 mentioned below« the following compounds H3 to H5 
are obtained according to the procedure as in Example II. 

H3. (1RS,3RSg4SR)-3«(3-Ethoxy-4-methoxy-phenyl)-4-nitrocyclohexanol 

H4. (1RS,3RS,4SR)^-[4^(1|1-Difluoro-methoxy)-3-methoxy-phenyl]-4Hiitrocyclohexs^ 

HS. (1 RS,3RSy4SR)-3-[3-(2^-Diffluoro-^oxy)-4-«ie<hoxy-phenyl]-4-nlt^ 

H6. (1RS,6RS)^5-(3-Ethoxy«4-meth03Qf-phenyl)-cyclohex-3-enylamine 

Starting from 2*^thoxy-1-methoxy-4-((1RS,6RS)*6>nitro-Gyclohex-3-enyl)-benzene (compound 16) the 

title compound is obtained analogously as described for compound H7. 

H7. (±}-cl8-6*(3,4-Dlmefhoxyphenyl)-cyclohex-3-enylamine 

40 g of (±)-cis-1,2-dimethQxy-4-(2-nitrocyclohex-4-enyl)benzene (compound 17) are dissolved in 400 
ml of ethanol and 40 g of zinc powder are added. After heafihg to boiling temperature, 65 ml of gladal 
acetic acid are added dropwise. Afterwards^ the reaction mbcture is filtrated and concentrated. The 
residue is redissoived in diluted hydrochloric acid and extraxted with toluene. The aqueous layer is 
alkalized using 6 N solution of sodium hydroxide and extracted several times with toluene. The 
combined organic phases of the alkafic extraction ana dried using sodium sulfiate and concentrated. 
The residue is chromatographed on silica gel. 1 1 .5 g of the title compound are obtained. 

II . (1 RS,3RS,4SR)-3-(3,4-Dimethoxyphenyl)-4-nltrocyclohexanol 

Under nitrogen atmosphere 16.76 g of (3RS,4SR)-3-(3,4-dimethoxyphenyl)-4-nitrocyclohexanone 
(compound J1) are dissolved in 300 ml of tetrahydrofurane, the solution is cooled to -78''C, and 75 ml 
of 1 M solution of potassium tri-sec-butylborohydride in tetrahydrofurane is added dropwise. After 
stining for further 1 h, a mixture consisting of 30% hydrogeneperoxide solution and phosphate buffer 
solution is added. Stirring is continued for further 10 min, the reaction mbdure is diluted with 400 ml of 
ethyl acetate and the aqueous layer Is extracted with ethyl acetate, the combined organic phases are 
concentrated to give a foam, which is purified by chromatography on silica gel using a mixture of 
petroleum ether/ethyl acetate in the ratio 1/1 to furnish 10.18 g (60 % of theory) of the title compound. 
EF: CmHisNOs; MW: 281.31 
MS: 299.1 (MNH4^ 
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Rf= 0^9 (petroleum ether/ethyl acetate = 1/1) 
M.pj 139-14rC 

12. (3RS^R)<^3K1,1-DifluofOHmethoxy)-4-meth0xy-i)heiiyq-^ 

The title compound is prepared analogously as desaibed in Example J1 starting from compound J2. 

Starting from the appropriate compound J3 to J5 mentioned below, the following compounds 13 to 15 
are obtained according to the procedure as in Example J1 . 

13. (3RS,4SR)-3K3-Ethoxy'4Hnethoxy-phenyi)-4-nitrocyc!ohexano 

14. (3RS^R)-3-[4-(1 ,1 -DIfluoro-methoxy)-3-metho^-phenyq-4-nitrocyclohexanone 

15. (3RS^R)-3-[3-(2,2-Difluoro-ethoxy)-4-meth03v-phenyl]-4-nitrocyclohexanone 

16. 2-Ethoxy-1 -metho3^-4-((1 RS,6RS}-6-nitro-cyclohex-3^nyl)-benzene 

Starting from 2-^thoxy-lHiiethoxy-4-((1RS,6SR)-6-nitro-cydohex-^ (compound J6) the 

title compound is obtained analogously as described for compound 17. 

17. (±}-cls-1,2-Dimetho^-4-(2-nitrocyclohex-4^nyl)benzene 

10.0 g of (±}-trans-1,2-dimetho)^-4-(2-nitrocyciohex-4-enyi)benzen6 (compound J7) and 20.0 g of 
potassium hydroxide are dissolved in 150 ml of ethanol and 35 ml of dimethylformamide. A solution of 
17.5 ml of cone, sulfuric acid in 60 ml of ethanol is then added dropwise such that the internal 
temperature does not exceed 4''C. After stimng for 1 h, the mbcture is added to 1 i of ice water, the 
precipitate is filtered off with suction, washed with water and dried, and the crude product is 
reciystallized in ethanol. 8.6 g of the title compound of m.p. 82.5-84'C are obtained. 

Ji . (3RS,4SR)-3-(3^-Dimethoxyphenyl)-4-nitrocyclohexdnone 

90.01a of 3,4-dimethoxy-co-nitrostyrene (compound K1), 90 ml of 2-trimethylsiiyioxy-1 ,3-butadlene and 
180 mi of abs. toluene are put in an autoclave, where the mixture is stirred at 140''C for 2 days and 
then cooled. Atter addition of 1000 ml of ethyl acetate, 300 ml of a 2 N solution of hydrochloric add 
are dropped under stirring. The phases are separated and the aqueous layer is extracted three times 
with dichloromethane. The combined organic extracts are washed with saturated sodium 
hydrogencarfaonate solution, dried over magnesium sulfate and the solvents are removed under 
reduced pressure to give 150 g of the crude title compound. Further purification is canied out by 
chromatography on silica gel using petroleum ether/ethyl acetate in the ratio 1/1 as eluent to give 81.5 
g (67 % of theory) of the pure title compound. 
EF: Ci4Hi7N05; MW: 279.30 
MS: 279 (M*), 297.1 (MNH4*) 
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Rf= 0.47 (petroleum ether/ethyl acetate s 1/1) 
M.p.: 147.148X 

Starting from starting compounds, which are art-known or which can be obtained according to loiown 
proceduies, such as e.g. as described in WO 95/01338 or analogousiy or similarly thereto, the 
following compounds J2 to J4 are obtained according to the procedure as in Example K1 : 

J2. 3-(1f 1 -Difluoro-methoxy)<4-methoxy-a)-nitrostyrene 
J3. 3-Ethoxy-4-meth03V-o-nitrosfyrene 

J4. 4-(1,1 -DifIuoro-methoxy)-^methoxyHi>-nitrostyrene 

J5. 3-(2,2-DIfluoro-ethoxy)-4-methoxy-co-nitrostyrene 

The title compound is obtained starting from 3-(2,2'<lifluoro-ethoxy>4Hmethoxy-benza!dehyde 
(compound K2) according to the procedure as in Example K1. 
IVI.p.: 164-165X 

J6. 2-Ethoxy-1-methoxy-4-((1RS,6SR)-6-nitro-cyclohex-3-enyl)-benzene 

Starting from 3-ethoxy-4-methoxy-aHiltrostyrene (compound J3) the title compound is obtained 
aralogously as described for compound J7. 

J7. (±)-trans-1 ^-Dimetho3V-4-(2-nltrocyclohex-4-eny l)benzene 

50.0 g of 3,4-dimetho)v-Q>-nitros^ne (compound K1), and 1.0 g (9.1 mmol) of hydroquinone are 
suspened in 200 ml of abs. toluene and treated at -70'' C with 55.0 g (1.02 mol) of liquid 1,3- 
butadiene. The mixture is stined at IGO'^C for 6 days in an autoclave and then cooled. Some of the 
solvent is removed on a rotary evaporator, and the resulting precipitate is filtered off with suction and 
recr^tallized in ethanol. M.p.: 113.5-115.5^0. 

■ 

K1. 3»4-Dimethoxy-G)-nltrostyrene 

207.0 g of 3,4-dimethoxybenzaldehyde, 1 00.0 g of ammonium acetate and 125 ml of nitromethane are 
heated to boiling for 3-4 h in 1.0 1 of glacial acetic add. After cooling in an ice bath, the precipitate is 
filtered off with suction, rinsed with glacial acetic add and petroleum ether and dried. M.p.: 140-141 ""C. 
Yield: 179.0 g. 

K2. 3-(2,2-Difluoro-ethoxy)-4-methoxy-ben2aldehyde 

10.04 g of isovanillin and 15.5 g of potassium carbonate are placed in an autodave. 50 ml of DMF are 
added as well as 1 2.44 g of 2-bromo-1 ,1 -difiuoroelhane. The autodave is dosed and heated at 60X 
for 20 h. Then the solids are filtered off and washed with 120 ml of DMF. About 120 ml of he solvent 
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are distilled off and the residue poured on 200 ml of ice/water, where the product preciptates. After 
stirring the slurry for 30 minutes the product is filtered off and dried to give 13.69 g of the desired 
product 

Commercial utility 

The compounds according to the invention have useful phamnacological properties which make them 
industrially utilizable. As selective cyclic nucleotide phosphodiesterase (PDE) inhibitors (specifically of 
type 4), they are suitable on the one hand as bronchial therapeutics (for the treatment of ainvay 
obstmcUons on account of their dilating action but also on account of their respiratory rate- or respira- 
toiy drive4ncreasing action) and for the removal of erectile dysfunction on account of th^ vascular 
dilating action, but on the other hand especiaily for the treatment of disorders, in particular of an 
inflammatory nature, e.g. of the airways (asthma prophylaxis), of the skin, of the intestine, of the eyes, 
of the CNS and of the joints, which are mediated by mediators such as histamine, PAF (platelet-acti- 
vating factor), arachidonic acid derivatives such as leukotrienes and prostaglandins, cytokines, 
interieukins, chemokines, alpha-, beta- and gamma-interfsron, tumor necrosis factor (TNF) or oxygen 
finee radicals and proteases. In this context, the compounds according to the invention are 
distinguished by a low toxicity, a good enteral absorption (high bioavailability), a large therapeutic 
breadth and the absence of significant side effects. 

On account of their PDE-inhiblting properties, the compounds according to the invention can be 
employed In human and veterinai^ medicine as therapeutics, where they can be used, for example, 
for the treatment and prophylaxis of the following illnesses: acute and chronic (in particular 
inflammatory and allergen-induced) ainway disorders of varying origin (bronchitis, alletgic bronchitis, 
bronchial asthma, emphysema, COPD); demiatoses (especially of proliferative, inflammatory and 
allergic type) such as psoriasis (vulgaris), toxic and allergic contact eczema, atopic eczema, 
sebonrhoeic eczema. Lichen simplex, sunburn, pruritus in the anogenital area, alopecia areata, hyper- 
trophic scars, discoid lupus erythematosus, follicular and widespread pyodermias, endogenous and 
exogenous acne, acne rosacea and other proliferative, inflammatory and allergic skin disorders; 
disorders which are based on an excessive release of TNF and leukotrienes. for example disorders of 
the arthritis type (riieumatoid arthritis, rtieumatoid spondylitis, osteoarthritis and other arthritic condi- 
tions), disorders of the immune system (AIDS, multiple sclerosis), graft versus host reactton, allograft 
rejections, types of shock (septic shock, endotoxin shock, gram-negative sepsis, toxic shock syndrome 
and ARDS (adult inspiratory distress syndrome)) and also generalized inflammations In the 
gastrointestinal region (Crohn's disease and ulcerative colitis); disorders which are based on allergic 
and/or chronic, immunological false reactions in the region of the upper ainways (pharynx, nose) and 
the adjacent regions (paranasal sinuses, eyes), such as allergic rhinitis/sinusitis, chronic rtiinl- 
tis/sinusitis, allergic conjunctivitis and also nasal polyps; but also disorders of the heart which can be 
treated by PDE inhibitors, such as cardiac insufficiency, or disorders which can be treated on account 
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of the tissue-relaxant action of the PDE inhibitors, such as, for example, erectile dysfunction or colics 
of the kidneys and of the ureters In connection with kidney stones. In addition, the compounds of the 
invention are useful In the treatment of diabetes insipidus, diabetes mellitus. leukaemia, osteoporosis 
and conditions associated with cerebral metabolte inhibition, such as cerebral seniTity, senile dementia 
(Alzheimer's disease), memoiy Impainnent associated with Parkinson's disease or multllnfarcl 
dementia; and also illnesses of the central nervous system, such as depressions or arteriosclerotic 
dementia; as well as for enhancing cognition. 

The Invention further relates to a method for the treatment of mammals. Including humans, which are 
suffering from one of the above mentioned IBnesses. The method Is characterized In that a therapeuti- 
cally active and phanmacologically effective and tolerable amount of one or more of the compounds 
according to the invention is administered to the ill mammal. 

The invention further relates to the compounds according to the Invention for use In the treatment 
and/or prophylaxis of illnesses, especially the ainesses mentioned. 

The invention also relates to the use of the compounds according to the Invention for the production of 
phamnaceutical compositions which are employed for flie treatment and/or prophylaxis of the illnesses 
mentioned. 

The invention also relates to flie use of the compounds according to tiie invention for ttie production of 
pharmaceutical compositions for treating disorders which are mediated by phosphodiesterases, in 
particular PDE4-medlated disorders, such as, for example, tiiose mentioned in the specification of tills 
invention or tiiose which are apparent or known to ttie skilled person. 

The invention also relates to tiie use of the compounds according to tiie Invention for ttie manufacture 
of phanmaceutical compositions having PDE4 inhibitory activity. 

The Invention furttiennore relates to pharmaceutical compositions for Uie treatment and/or prophylaxis 
of tiie illnesses mentioned, which contain one or more of tiie compounds according to the invention. 

The invention yet furttiermore relates to compositions comprising one or more compounds accoiding 
to tills invention and a pharmaceutically acceptable earner. Said compositions can be used in tiierapy, 
such as e.g. for treating, preventing or ameliorating one or more of Uie abovementioned diseases. 

The invention still yet furttiemnore relates to pharmaceutical compositions according to this Invention 
having PDE, particulariy PDE4, inhibttory activity. 
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Additionally, the invention relates to an article of nnanufeicture, which comprises packaging material 
and a phamnaceutica! agent contained within said packaging material, wherein the phannaoeutical 
agent Is therapeutically effective for antagonizing the effects of the cyclic nucleotide 
phosphodiesterase of type 4 (PDE4), amelloFafing the symptoms of an PDE4-medIated disorder, and 
wherein the packaging material comprises a label or package insert which indicates that the 
phamiaceutical agent is useful for preventing or treating PDE4-mediated disorders, and wherein said 
phamiaceutical agent comprises one or more compounds of formula 1 according to the invention. The 
packaging material, label and package insert otherwise parallel or resemble what is generally regarded 
as standard packaging material, labels and package inserts for pharmaceuticals ha>nng related 
utilities. 

The pharmaceutical compositions are prepared by processes which are known per se and familiar to 
the person skilled in the arL As phamiaceutical compositions, the compounds according to the 
invention (= active compounds) are either employed as such, or preferably In combination with 
suitable pharmaceutical auxiliaries and/or exdplents, e.g. In the form of tablets, coated tablets, 
capsules, caplets, suppositories, patches (6.g. as TTS), emulsions, suspensions, gels or solutions, the 
active compound content advantageously being between 0.1 and 95% and where, by the appropriate 
choice of the auxiliaries and/or exclpients, a pharmaceutical administration form (e.g. a delayed 
release fbnm or an enteric fonm) exactly suited to the active compound and/or to the desired onset of 
action can be achieved. 

The person skilled in the art is familiar with auxiliaries or excipients which are suitable for the desired 
pharmaceutical formulations on account of his/her expert knowledge. In addition to solvents, gel for- 
mers, ointment bases and other active compound excipients, for example antioxidants, dispersants, 
emulsifiers, preservatives, solubiiizers, colorants, complextng agents or permeation promoters, can be 
used. 

The administration of the phamnaceutical compositions according to the invention may be performed 
in any of the generally accepted modes of administration available in the art illustrative examples of 
suitable modes of administration include intravenous, oral, nasal, parenteral, topical, transdermal and 
rectal delivery. Oral delivery is preferred. 

For the treatment of disorders of the respiratory tract, the compounds according to the invention are 
preferably also administered by inhalatiori In the form of an aerosol; the aerosol particles of solid, 
liquid or mixed composition preferably having a diameter of 0.5 to 10 pm, advantageously of 2 to 6 
pm. 
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Aerosol generation can be caoled out, for example, by pressureKiriven jet atomizere or ultrasonic 
atomizers, but advantageousJy by propellant-driven metered aerosols or propeUant-fre© administration 
of micronlzed active compounds from Inhalation capsules. 

Depending on the Inhaler system used, in addition to the active compounds the administration fonns 
additionally contain the required exdpients, such as. for example, propeilants (e.g. Frigen in the case 
of metered aerosols), surface^active substances, emulsifiers. stabilizere, preservatives, flavorings, 
fiUers (e.g. lactose In the case of powder Inhalers) or, If appropriate, further active compounds. 

For the purposes of inhalation, a large number of apparatuses are avanable with which aerosols of 
optimum particle size can be generated and administered, using an inhalation technique which is as 
right as possible for the patient In addition to tiie use of adaptors (spacers, expanders) and pear- 
shaped containere (e.g. Nebulatoitg), Volumatic®), and automatic devices emitting a puffer spray 
(Autohaler®), for metered aerosols, in particular In tiie case of powder Inhalers, a number of technical 
solutions era available (e.g. Dlskhaler®. Rotadisk®, Turbohaler® or ttie inhaler described in European 
Patent Application EP 0 505 321), using which an optimal administration of active compound can be 
achieved. 

For tiie tiieatment of demiatoses, tiie compounds according to tiie invention are In particular admi- 
nistered in ttie fonn of tiiose pharmaceutical compositions which are suitable for topical application. 
Fertile production of the pharmaceutical compositions, the compounds acooitling to ttie invention (= 
active compoyiids) are preferably mbced wdtti suitabte pharaiaceutical auxiliaries and further 
processed to give suitabte phamiaceutical fonnulations. SuHabte phannaceutical fonnulaMons are, for 
example, powdere, emulstons, suspensions, sprays, oils, ointments, fatty ointmente, creams, pastes, 
gels or solutions. 

The phamiaceutical compositions according to ttie invention are prepared by processes known per se. 
The dosage of ttie active compounds is carried out in tiie order of magnitude customary for PDE 
inhibitors. Topical application forms (such as ointmente) for ttie hieatment of dermatoses ttius contain 
tiie active compounds in a concentiation of, for example, 0.1-99%. The dose for administration by 
inhalation is customarty between 0.01 and 3 mg per day. The customary dose in ttie case of systemic 
ttierapy (p.o. or Lv.) Is between 0.003 and 3 mg/kg per day. In anottier embodiment, tiie dose for ad- 
ministration by inhalation is between 0.1 and 3 mg per day. and ttie dose in tiie case of ^stemlc 
ttierapy (p.o. or i.v.) Is between 0.03 and 3 mg/kg per day. 
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Bioloqical investigations 

The second messenger cyclic AMP (cAMP) is welHoiown for Inliibiting Inflammatory and 
immunocompetent celts. The PDE4 isoenzyme is broadly expressed in cells involved in the initiation 
and propagation of inflammatory diseases (H Tenor and C Schudt, in .Phosphodiesterase lnh^bitofs^ 
21-40, ,The Handbook of Immunophanmaoolog/*, Academic Press, 1996), and its inhibition leads to 
an increase of the intracellular cAMP concentration and thus to the inhibition of cellular activation (JE 
Souness et al., Immunopharmacology 47: 127-162, 2000). 

The antiinflammatory potential of PDE4 inhibitors in vivo in various animal models has been 
described (MM Tebceira, TiPS 18: 164-170, 1997). For the investigation of PDE4 inhibition on the 
cellular level (in vitro), a large variety of proinflammatory responses can be measured. Examples are 
the superoxide production of neutrophilic (C Schudt et al., Arch Pharmacol 344: 682-690, 1991) or 
eosinophilic (A Hatzelmann et al., Brit J Pharmacol 114: 821-831. 1995) granulocytes, which can be 
measured as lumlnol-enhanoed chemiluminescence, or the synthesis of tumor necrosis liactor-a in 
monocytes, macrophages or dendritic cells (Gantner et al., Brit J Phanmacol 121: 221-231, 1997, and 
Pulmonary Phamnacol Therap 12: 377-386, 1999). In addition, the immunomodulatory potential of 
PDE4 inhibitors is evident from the inhibition of T-cell responses like cytokine synthesis or proliferation 
(DM Essayan, Biochem Phamnacol 57: 965-973, 1999). Substances which inhibit the secretion of the 
afbre-menfloned prolnflamntatory mediators are those which Inhibit PDE4. PDE4 inhibition by the 
compounds according to the invention is thus a central indicator for the suppresston of inflammatory 
processes. 

Methods for measuring Inhibition of PDE4 activity 

The PDE4B2 (GB no. M97515) was a gift of Prof. M. Conti (Stanford University, USA). It was 
amplified from the original plasmid (pCMVS) via PGR with primers Rb9 (5'- 
GCCAGCGT6CAAATAATGAAGG -3') and RblO (5'- AGAGGGGGATTATGTATCCAC -3') and 
cloned into the pGR-Bac vector (Invitrogen, Groningen, NL). 

The recombinant baculovirus was prepared by means of homologous recombination in SF9 insect 
cells. The expression plasmid was cotransfected with Bao-N-Blue (Invitrogen, Groningen, NL) or 
Baculo-Gold DMA (Phanningen, Hamburg) using a standard protocol (Pharmingen, Hamburg). Wt 
virus-free recombinant virus supernatant was selected using plaque assay methods. After that, high- 
titre vinjs supernatant was prepared by amplifying 3 times. PDE was expressed in SF21 cells by 
infecting 2x10^ cells/ml with an MOI (multlpllcify of infecfion) between 1 and 10 In seaim-flee SPgOO 
medium (Life Technologies, Paisley, UK). The cells were cultured at 28''G for 48-72 hours, after 
v\rfiich they were pelleted for 5-10 min at 1000 g and 4''G. 
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The SF21 insect cells were resuspended, at a concentration of approx. 10^ cells/ml. in ice-cold (4**C) 
homogenization buffer (20 mM Tris, pH 8.2, containing the following additions: 140 mM NaCI. 3.8 mM 
Ka, 1 mM EGTA, 1 mM MgCfe. 10 mM p-mercaptoethanol, 2 mM benzamldine, 0.4 mM Pefablock. 
10 lOA leupeptin, 10 jxM pepstatin A, 5 |iM trypsin Inhibitor) and disrupted by ultrasonlcation. The 
homogenate was then centrifuged for 10 min at lOOOxg and the supernatant was stored at -80**C until 
subsequent use (see below). The protein content was detennlned by the BiadfanJ method (BIoRad. 
Munich) using BSA as the standard. 

PDE4B2 activity Is inhibtted by the said compounds in a modified SPA (sdnUllation proximity assay) 
test, supplied by Amersham Biosciences (see procedural Instructions "phosphodiesterase [3H]cAMP 
SPA enzyme assay, code TRKQ 7090"), canied out In 96-well microtftre plates (MTPs). The test 
volume is 100 [il and contains 20 mM Tris buffer (pH 7.4). 0.1 mg of BSA (bovine serum albumln)/ml, 
5 mM Mg^ . 0.5 |iM cAMP (including about 50,000 cpm of [3H]cAMP), 1 |il of the respective substance 
dilution In DMSO and sufficient recombinant PDE (lOOOxg supernatant see above) to ensure that 
10-20% of the cAMP is converted under the said experimental conditions. The final concentration of 
DMSO In the assay (1 % v/v) does not substantially affect the activity of the PDE investigated. After a 
preincubation of 6 min at 37**C, the reacHon is started by adding the substrate (cAMP) and the assay is 
incubated for a further 15 min; after that, it is stopped by adding SPA beads (50 jU). In acoortlance 
with the manufacturer's Instmctlons, the SPA beads had previously been resuspended In water, but 
were then diluted 1:3 (v/v) in water; the diluted solution also contains 3 mM IBMX to ensure a 
complete PDE activity stop. After the beads have been sedimented (> 30 min), the MTP's are 
analyzed in commercially available luminescence detection devices. The corresponding ICgo values of 
the compounds for the "inhibition of PDE acOvlty are detennlned ftom the concentration-effect curves 
by means of non-linear regressloaRepresentatlve inhibitory values detenmined for the compounds 
according to the invention follow from the following table A, In which the numbers of the compounds 
correspond to the numbers of the Examples. 

Table A 



Inhibition of the PDE4 acttvity 



Compound 


-lOfl ICsn 


1 


The inhibitory values 


2 


of these listed 


3 


compounds are 


4 


higher than 7.5 


5 




6 
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Patent Claims 




R7 



in which 

R1 is hydroxyl, ^-AOalkoxjf, 3-7C-cydoallcoxy, 3-7C-cycloallqrImethoxy, 2,2-difluoroethoxy, or 

completely or predominantly fluorine-subsGtuted 1 •4C-alkoxy, 
R2 is hydroxyl, 1-4C-aikoxy, 3-7C-cycloancoxy, 3-7C-cycloailcylmethoxy. 2,2-difluoroetho)Qr, or 

completely or predominantly fluorine-substituted 1*4Oalk0)cy, 
or in which 

R1 and R2 together are a 1-2C-aikylenedioxy group, 
R3 is hydrogen or 1 -40alkyl, 
R31 Is hydrogen or 1 -4C-alkyl, 

either, in a fii^ emt>odiment (embodiment a) according to the present inventton, 
R4 is-0-R41,inwhich 

R41 is hydrogen, 1 -4C-alkyl, completely or predominantly fluorine-substituted 1-40alkyl, 1-4C- 

alkoxy-1-40alkyl, hydroxy-2-4C-alkyl or 1-7C-alkylcarbonyl. and 
R5 is hydrogen or 1 -4C-alkyl, 

or, In a second embodiment (embodiment b) aocordirig to the present invention, 
R4 is hydrogen or 1 -40dlkyl, and 
R5 is-0-R51,inwhich 

R51 is hydrogen, 1 -4C-alkyl, completely or predominantly fluorine-substituted 1 -4C-alkyl, 1-4C- 

alk03Q(-1-4C-alkyl. hydroxy-2-4C-alkyl or 1-70alkylcarbonyl. 
R6 is hydrogen, halogen, nitro, 1-4C-alkyl. trifluoromethyl or 1-4C-alkoxy, 
R7 is a radical of formulae (a), (b). (c) or (d) 
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-y T T T 

L (a) /N^ (b) (c) N<. (d) 

NH2 Rii^ ^Rio R15 R14 R18 



in which 

if R7 is a radical of the formula (b), 
either 

R8, R9, RIO and R11 Independenfly of one another are hydrogen, 1-7C^lkyl, S-TOcydoatkyl, 
3-7C-cycloalkylmethyl, cyano, hydro)y-2-4C-allcyl. 1-4C-alkoxy-2-4C-ail<yl or R28, 



or 



or 



R8 is hydrogen. 1-7C-alkyl, 3-7C-cycloalkyl, 3-70cyc!oalkylmethyl, hydroxy-2-4C-alkyl, 1-4C- 
alkoxy-2-4C-alkyl or R28, 

Rg is Is hydrogen. 1-7C-alkyl, 3-70cycIoalkyl, 3-7C-cycIoalkylmethyl, hydroxy-2-4C-alkyl, 1- 
4C-alkoxy-2-4C-alkyl or R28, and 

RIO and R1 1 , together and including the nitrogen atom to which both are bonded, are a pyrrol!- 
din-1-yl. piperidin-1-yI, azepan-1-yl, azocan-1-yl, azonan-1-yl. azecan-1-yl, morphoIin-4-yl, 
tetrahydroisoquinolin-2-yl, tetrahydro-6,7-<limethoxyisoqulnolin-2-yl, 3,5-dimethyl-pyrazol-1-yl, 
pyrazol-1-yl, 2,6-dimethyl-morpholin-4-yl, 2,6-dimethyl-plperidin-1-yl, 4-benzyl-piperidin-1-yl, 
thiomorpholin-4-yl or 1H-1 A4-triazol-1-yl radical, or a piperazin-1-yl radical substituted In 4- 
position by R19, 



R8 is hydrogen, 1-7C-alkyl. 3-7C-cycloalkyl. 3-7C-cycloallvlmethyl, hydroxy-2-4C-alkyl, 1-40 
alkoxy-2-4C-alkyl or R28, 

R9 is hydrogen, 1-7C-alkyl, 3-7C-cycloalM. 3-7C-cycloalkylmethyl, hydroxy-2-4C-alkyl, 1-4C- 
alkoxy-2-4C-alkyl or R28, 

RIO is hydrogen, 1-7C-alkyl, 3-7C-<ycIoalkyl, 3-7C-cycloalkylmethyl, hydroxy-2-4C-alkyl, 1-4C- 
alkoxy-2-4C-alkyl or R28, and 

R11 is Aryl1 , naphthyl, phenyl, phenyl substituted by R20 and/or R21, phenyl-1-4C-alkyl or 
phenyl-1-4C^kyl substituted by R22 and R23, 



in which 

if R7 is a radical of the formula (c), 
either 

R12, R13, R14 and R15 Independently of one another are hydrogen, 1-7C-alkyl, 3-7C-cyclo- 
alkyl, 3-7C-cydoalkylmethyl, hydroxy-2-4C-alkyl, 1-4C-alkoxy-2-4C-alkyl or R28, 

or 
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R12 and R13 independently of one another are hydrogen, 1-7C-all^. 3-7C-cydoalkyl, 
3-7C-(ycloalkylmethyl, hydroxy-2-4C-alkyl, 1-4C-alkoxy-2-4C-all^ or R28, and 
R14 and R15. together and including the nitrogen atom to which both are bonded, are a pynoll- 
dln-1-yI, piperidIn-1-yl, azepan-1-yl, azocan-1-yl, azonan-l-yl. azecan-l-yl. morpholln-4-yl, 
tetrahydrolsoqulnolln-2-yl, tetrahydro-6,7-d!methoxylsoquinolin-2-yl, 3,5-dlmethyl-pyrazol-1-yl. 
pyrazol-l-yl. 2,6-dlmethyl-moipholln-4-yl, 2,6-dlniethyl-plperidln-l-yl, 4-benzyl-plperidin-1-yl, 
thiomorpholin-4-yl or 1H-1,2,4-tria2ol-1-yl radical, or a plperazln-l-yl radical substituted in 4- 
position by R19, 

or 

R12 and R13, together and indudbig the nitrogen atom to which both are bonded, are a pynx)li- 
dln-1-yl, friperidin-l-yl, a»pan-1-yl, moiphollno^yl, 4-(1-4C-alkyl-)-piperazin-1-yl, 2.6-di- 
methyl-morpholln-4-yt, 2.6-dimethyli3lperjdin-1-yl, 4-ben2yI-piperidin-1-yl or thlomorphoIh-4-yl 
radical, and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are a pynxHi- 
dln-1-yl, rnperidin-l-yl, azepan-l-yl, mon3holina4-yl, 4-(1-4C-alkyl-)-plperazin-1-yl, 2,6- 

dimethyl-morpholin-4-yl, 2,6-dimethyl-piperidln-l-yl, 4-benzyl-piperidin-1-yl orthiomorphoIin-4- 
yl radical, 

or 

R12 and R15 independently of one another are hydrogen or 1-4C-alkyt, and 

R13 and R14, together and with inclusion of the N-C(=)-N structure to which they are bonded. 

are a hexahydropyrimidin-2-yttdene or imidazolidin-2-ylldene radical. 

in which 

If R7 is a radical of the fonnuia (d), 

R16 is hydrogen, 1-7C>alkyl, 3-7C-<ycloall<yl, 3-7C-cycloaIlqrlmethyl. hydroxy-2-4C-alkyl, 1-40- 
alko;^-2-4C-aU(yl or R28, and 

R17 and R18. together and with indusion of the N-C(-)-N structure to which they are bonded 
areAryl2, 

Aiyll is 4-methylthiazol-2-yl. benzimidazol-2-j^, 5-nitrobenzimidazoi-2-yJ. 5-chlorobenzimidazol-2-jrt, 
5-methylbenzimldazol-2-yl, 4-methylquinazoiin-2-yl, benzothia2Xjl-2-yl, benzoxazol-2-yl or 
pyrimidin-2-yl, 

Aiyl2 Is 1-methyl-4-oxo-4,5-dihydro-1H-imldazol-2-yl, imidazol-2-yl, 4,5-dicyano-imida2ol-2-yl, 4-me- 
thyI-imldazol-2-yl, 4-ethyI-benzlmldazol-2-yl, 4-acetyl-imidazol-2-yl, 1H-[1,2,4]triazol-3^, benz- 
lmidazol-2-j^, 1-methyl-benzimida2ol-2-yl, 1-ethyI-ben2imidazol-2-yl, 6.6-dimethyI- 
ben2dmldazol-2-yl, purin-8-yl, 6-amlno-7-methyl-7H-purine-8-yl, 1,e-dimethylimldazo(4,5- 
b]pyridln-2-yl, 1 ,5.6-trimethyllmidazoI4,5-blpyridin-2-yl, 1 ,3-dlmethyl-3,7-dihydro-1H-purine-2,6- 
dlone-a-yl, 7-ethyl-3-methyl-3,7-dlhydro-purine-2,6-dlone-8-yl, 1 .3,7-trimethyl-3.7-dihydro- 
purine-2,6-dtone-8-yI, tiiiadiazolyl, 1,4-dihydrotetra2ol-5-yl, 1 H-[1 ,2,4]triazol-3-yl, 
1,3-dihydroben2imida2ol-6-yl. 1H-tetrazol-5-yl. pyrimidln-2-yI or4,6-dimethyl-pyrimidln-2-yl. 
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R19 is 1-4C-alkyl, fonmyl, 3-7C-<ydoalkyl, 3-7C-(ycloalkylmethyI, 1 -4C-aIkoxycarbonyI-1-40alkyl, 
1-4C-aIkylcarbonyi. hydroxy-2-4C-alkyJ, 1-4C-alkoxy-2-4C-aIkyI, hydrDxy-2-4C-alkoxy-2-40 
alkyl. 1-4C-alkoxy-2-4C-alkoxy-2-40alkyl, phenyl, phenyl substituted by R24 and/or R25, 
[benzo(1.3)dloxoO-5-ylmethyl, phenyl-1-4C-alkyl or phenyl-1-4C-aIkyl substituted in the phenyl 
moie^ by R26 and/or R27, 

R20 is halogen, nitro, carboxyl, 1-4C-allqrt. trifluoromethyl or 1-4C-alkoxy, 

R21 is halogen, 1-4C-alkyl or 1-4C-alkoxy, 

R22 is halogen, nitro, carboxyl, 1-4C-alkyl, trifluoromethyl or 1-4C-alkoxy, 
R23 is halogen, 1 -4C-alkyl or 1 -4C-alkoxy, 

R24 is halogen, nitro, carboxyl, 1-4C-alkyl, 1-4C-alkylcarbonyl, trifluoromethyl or 1-4C-alkoxy, 
R25 is halogen, 1 -40all^ or 1 -4C-alkoxy, 

R26 is halogen, nitro, caxboxyl 1-4C-alkyl, trifluoromethyl or 1-4C-alkoxy, 
R27 is halogen, 1-4C-alkyl or 1-4C-alkoxy, 
R28 Is R29(R30)N-2^alkyl wherein 

R29 and R30, together and including the nitrogen atom to which both are bonded, are a pynx>lldin-1- 
yl, piperidln-1-yl, plperazin-1-yl, 4-(1-4C-alkyl-)piperazln-1-yl, azepan-lyl, azocan-1-yi. azonan- 
1-yl, azecan-1-yl, tetrahydrDlsoquinolln-2-yl, tetrahydro-6,7Kllmethoxyisoquinolin-2-yl, 3,5- 
dimethyl-pyrazoM-yl, pyrazoH-yl. morpholin^yl, 2,6-dinnethyl-morpholin-4-yl, 2,6-dimethyl- 
pipeiidin-1-yl, 4-benzyl-piperidin-1-yl. thiomorpholin-4-yl or 1H-1,2,4-triazoH-yl radical, 

the salts of these compounds, as well as the N-oxIdes, enantiomers, E/Z isomers and tautomers of 

these compounds and their salts. 

J.. * 

2. Compounds of f onmula 1 according to claim 1 1n which 

R1 is 1 -2C-alkoxy, 3-5C-cycloalkoxy. 3-6C-cycloalkyImethoxy, 2.2-difluoroethoxy, or completely or 

predominantly fluorine-substituted 1-2C-alkoxy, 
R2 is 1 -2C>alkoxy, 3-5C-cydoalkoxy, 3-5C-cycloaIkylmethoxy, 2.2-difluoroethoxy, or completely or 

predominantly fluorine-substituted 1-2Oalk03^, 
R3 is hydrogen, 

R31 is hydrogen, 

either, in a first embodiment (embodiment a) according to the present invention, 

R4 is-0-R41,lnwhich 

R41 is hydrogen or 1 -4C^Mcart)onyl, and 

R5 hydrogen, 

or, in a second embodiment (embodiment b) according to the present Invention, 

R4 is hydrogen, and 

R5 is-0-R51.inwhich 

R51 is hydrogen or 1 -4C-aIkyIcarbonyl, 

R6 is hydrogen, halogen, nliro, 1-4C-aIkyI. trifluoromethyl or 1-4C-alkoxy, 
R7 is a radical of formulae (a), (b), (c) or (d) 
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HN 



Y 



NH2 



m 



(a) 




in which 

if R7 is a radical of the formula (b), 
either 

R8 is hydrogen, and 

R9. R10 and R1 1 independently of one another are hydrogen, 1-40alkyl, a-7C-€ycloalkyl or 
3-7C-cycloaIkylmethyl, 

or 

R8 is hydrogen, 

R9 is hydrogen, 1-4C-all^l. 3-7C-cycloall<yl or 3-7C-cycloalkylmethyl, and 

RIO and R11, together and including the nitrogen atom to which both are bonded, are a pyrroli- 

dln-1-yl, piperidin-1-yl, azepan-l-yl, azocan-1-yl, azonan-1-yl, azecan-l-yl, morpholln^yl, 

tetrahydrolsoqulnolin-2-yl, 3,5-dlmethyI-pyra2oM-yl, pyrazoM-yl, 2,6-dimethyl-morpholin-4-yl 

or2,6-dlmethyi-piperidin-1-yl radical, or a plperazin-1-yl radical substituted In 4-positIon by 

R19. 

or 

R8 is hydrogen, 

R9 is hydrogen* 1-7C-alkyI, 3-7C-<ycloall<yl or 3-7C-cycloalkylmethyl, 

RIO is hydrogen, 1-7C>atkyl, 3-7C-cycloall<yl or3-7C-cycloalkylmethyI, and 

R11 is Aiyll, naphthyl, phenyl, phenyl substituted by R20 and/or R21, phenyH^-alkyl or 

phenyl-1*4C-alkyl substituted by R22 and R23, 

in which 

if R7 is a radical of the formula (c), 
either 

R12, R13, R14 and R15 Independently of one another are hydrogen, 1-4C-alkyl, 3-7C-cyclo- 
alkyl or 3-7C-cycloalkylmethyl, 

or 

R12 and R13 Independently of one another are hydrogen, 1 -4C-all<yl, 3-7C-cycloalkyl or 
3-7C-cycloa(kylmethyl, and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are a pyrrolU 
din-1-yl, piperidin-1-yl, azepan-l-yl, azocan-1-yl, azonan-1-yl, azecan-1-yl, morpholln-4-yI, 
tetrahydroisoqulnolin-2-yl, 3,6-dimethyl-pyra2ol-1-yl, pyrazol-l-yl, 2,6-dimethyl-morpholin-4-yl 
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or2,&<limethyl-pipericlin-1-yi radical, or a piperazin-1-yl radical substituted in 4-position by 
R19, 

or 

R12 and R13, together and including the nitrogen atom to which both are bonded, are a pyrroll- 
dln-1-yl, piperidin-1-yl, azepan-1-yl, morpholino-4-yl, 4-(1-4C-alkyl-)-piperazin-1-yl, 2,6-di- 
methyl-morpholjn-4-yl or 2,&<limethyi-piperidin-1-yl radical, and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are a pym>lt- 
dln-1-yl, plperidin-1-yl, azepan-l-yl, morpholino-4-yl. 4-(1-4C-alkyl-)-plperazln-1-yl, 2,6- 
dimethyl-morpholin-4-yl or 2,6-dlmethyl-piperldin-1-yl radical, 

or 

R12 and R1S independently of one another are hydrogen or 1-4C-alkyl, and 

R13 and R14. together and with inclusion of the N-C(=)-N structure to which they are bonded, 

are a he)cahydropyrimidin-2-ylidene or imidazolidin-2'ylidene radical, 

in which 

if R7 is a radical of the fonnula (d), 
R16 is hydnogen, and 

R17 and R18, together and with inclusion of the N-C(->-N stnjcture to which they are bonded 
areAryl2, 

Aryll Is 4-methylthiazol-2-yl, benzimidazoi-2-yl, 5-nitrobenzimidazol-2-yl, 5-chlorobenzimidazol<-2-yt, 
5-methyibenzimidazol-2-yl, benzothiazol*2-yl or benzoxazol-2-yl, 

Aryl2 is 1-methyl-4-oxo-4,5-dihydro-1H-imidazol-2-yl, imida20l-2-yl, 4,5-clicyano-imidazol-2-yl, 4-me- 
thyl-jmida2X)l-2-yl, 4-ethyl-benzimidazol-2-yl, 4-acetyl-imidazol-2-yl, 1H-I1,2,4]triazol-3-yl, benz- 
ImldazDl-2-yl, 1-methyl-benzimidazol-2-yl, 1-ethyl-benzlmidazol-2-yl, 5,6-dimethyl- 
benrimldazol-2-yl, purin-8-yl, 6-amino-7-methyl-7H-purine-&-yl, 1,6-dlmethylfmldazo[4,5- 
b]pyridin-2-yl, 1.5,6-trlmethylimldazo[4,5-b]pyridin-2-yl, 1.3-dimethyl-3.7-dihydro-1H-purina-2,6- 
dione-8-yl, 7-ethyl-3-methyl-3,7-dihydro-purine-2,6-dione-8-yl, 1.3,7-trimethyl-3,7-dihydio- 
purine-2.6-<lione-8-yl or 1H-I1.2,4]tria2ol-3-yl, 

R19 is 1-4C-alkyl, formyl, 1-4C-alkylcarbonyl, 2-hydroxyethyl. phenyl, phenyl substituted by R24 
and/or R25, phenyl-1-4(>all^ or phenyl-1-4C-alky! substituted in the phenyl moiety by R26 
and/or R27, 

R20 is halogen, nitro, 1-4C'alkyl or 1-4C-alkoxy, 

R21 is halogen, 1 ^K>alkyl or 1 -4C-alkoxy, 

R22 is halogen, nitro, 1-4C-alkyi or 1-4C-alkoxy, 

R23 is halogen, 1 *4C-aIkyl or 1 -40alkoxy, 

R24 Is halogen, nitro, carfooxyl, 1-4C-alkyl or 1 -4C-alkoxy, 

R2S is halogen, 1 -4C-alkyl or 1 -4C-alkoxy, 

R26 is hatogen, nitro, 1-4C-alkyl or 1-4C*alko)Qrs 

R27 is halogen, 1-4C-alkyi or 1-4C-aIkoxy. 
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the salts of these compounds, as well as the N-oxides, enantiomers, E/Z isomers and tautomers of 
these compounds and their salts. 



3. Compounds of fomnula 1 aocording to claim 1 in which 

R1 is 1-2C-allcoxy, 2,2-difluoroethoxy, or completely or predominantly fluorine-substituted 
1-2C-alkoxy, 

1^ is 1-2C-allcoxy, 2,2-difluoroethoxy, or completely or predominantly fluorine-substituted 

1-2C*allcoxy, 
R3 is hydrogen, 
R31 Is hydrogen, 

either. In a first embodiment (embodiment a) according to the present invention, 

R4 is-OR41.inwhich 

R41 is hydrogen or 1 -4C-alkyIcarbonyl, and 

R5 is hydrogen, 

or, in a second embodiment (embodiment b) according to the present invention, 

R4 is hydrogen, and 

R5 ls<WRS1.inwhlch 

R51 Is hydrogen or 1 -4C-allq^carbonyl, 

R6 is hydrogen, 

R7 is a radical selected finom 
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X J 



N 




NH 




' N 





N 



r 



A./ 



N 




the salts of these compounds, as well as the NK)xicles, enantiomers, E/Z isomers and tautomers of 
these compounds and their salts. 



4. 

R1 

R2 

R3 

R31 

R4 

R41 

R5 

R6 

R7 



Compounds of fbmiula 1 according to claim 1 in which 

is 1-2C-alko3c/, or completely or predominantly fluorine-substituted 1-2C-aikoxy, 

is 1-2C-alko)v. or predominantly fluorine-substituted 1-2C-alkoxy, 

is hydrogen, 

is hydrogen, 

is -0-R41 , In which 

is hydrogen or 1-4C-alkylcaritonyl, and 
is hydrogen, 
is hydrogen, 

is a radical of formula (c) 



T 

N 



R15 



T 



R12 

I 

R13 



R14 



(c) 



in which 
either 

R12 is hydrogen, 
R13 is hydrogen, 

R14 is hydrogen or 1-40alkyl, and 
R15 is 1-4C-alkyl or 3-7C-cycloalkyl, 



or 



R12 is hydrogen, 
R13 is hydrogen, and 
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R14 and R15. together and Including the nitrogen atom to which both are bonded, are a pyfroli- 
din-1.yl, plperidln-1-yl. azepan-l-yl. azocan-l-yl. azonan-1-yl or morpholin^yl, radical, or a 
piperazin-l-yl radical substituted In 4-posltion by R19. in which 
R19 is 1-4C-alkylcarbonyl, 

the salts of these compounds, as well as the N^xldes. enantiomers. E/Z isomei^ and lautomers of 
these compounds and their saHs. 

5, Compounds of formula 1 according to claim 1 in which 
R1 is methoxy, or ethoxy, 

R2 is methoxy, ethoxy, 2.2-difluoroethQxy, or difluoromethoxy, 

R3 is hydrogen, 

R31 is hydrogen, 

R4 is-OR41,lnwhlch 

R41 is hydrogen, and 

R5 is hydrogen, 

R6 is hydrogen, 

R7 is bonded to the meta or para position with respect to the binding position in which the phenyl 
ring is bonded to the phenanthridine ring system, and is a radical of formula (c) 

I I 
y R13 

R15^ RU 

in which 
either 

R12 is hydrogen, 
R13 is hydrogen, 

R14 is 1-4C-alM. such as e.g. 1-2C-aIkyl. and 
R15 is 1-4C-aIM, such as e.g. 1-2C-alM, 



or 



or 



R12 is hydrogen. 
R13 is hydrogen, 
R14 is hydrogen, and 

R15 is 3-5C-Qrcloallqrt, such as e.g. cyclopropyl, 

R12 is hydrogen, 
R13 is hydrogen, and 

R14 and R15, together and Including the nitrogen atom to which both are bonded, are a 
pyn-olidin-1-yl, piperidin-1-yl. azepan-1-yl, azocan-l-yl. azonan-l-yl or morpholin-4-yl radical, 
or a piperazin-l-yl radical substituted in 4-position by R19, in which 
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R19 Is 1-4C-alkylcarbonyl, 

the sails of these compounds, as well as the N-oxides. enantiomers, BIZ Isomers and tautomera of 
ttiese compounds and their salts. 

& Compounds of fomiula 1 according to claim 1 in which 
R1 is methoxy, 

R2 is methoxy, ethoxy, difluoromethoiy, or 2,2-difluoroethoxy, 

R3 is hydrogen, 

R31 is hydrogen, 

R4 is-0-R41,inwhich 

R41 is hydrogen, and 

R5 is hydrogen, 

R6 is hydrogen, 

R7 is bonded to the meta or para position with respect to the binding position in which the phenyl 
ring is bonded to the phenanthridine ring system, and is a radical of formula (c) 

R15'^ R14 

in which 
either 

is hydrogen, 
R13 is hydrogen, 
R14 Is ethyl, and 
R1 5 is ethyl. 



or 



R12 Is hydrogen, 
R13 is hydrogen, 
Ri4 is hydrogen, and 
R15 is cyciopropyt. 



or 



R12 Is hydrogen, 
R13 is hydrogen, and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are an 
azocan-1-yl radical, or a pipenazin-l-yi radical substituted in 4-position by R19, in which 
R19 is acetyl. 

the salts of these compounds, as well as the N-oxides, enantiomers, E/Z isomers and tautomers of 
these compounds and their salts. 
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7. Compounds of formula 1 according to claim 1 selected from 

1. NP-(H4-[(2RS.4aRS,10bRS)-9-(1 ,1-Difluoro-methoxy)-2-hydroxy-8-methoxy-1 ,2,3.4,4a.10b- 

hexahydro-phenanthridin-6-yQi)henyl}-methanoyl>N,N-diethyl-guanidi^ 

Z N-(1-Amino-1-azocan-1-yl-methylene)^[(2RS,4aRS,10bRS)-9-(1J-^^^ 

hydrQxy-8*methoxy-1 ,2,3,4,4a,1 Ob-hexahydro-phenanthridin-fr-yO-benzamide 

3. N<^ydopropyl-N4H4-[(2RS.4aRSJ0bRS)-9-(1J-^ifluoro-metho^^ 
1,2,3,4,4a,10b-hexahydiXH)henanthridin-6-yO-phenyl}-methanoyl)-guanW 

4. N41-(4-Acetyli)lpera2in-1-ylH-amlno-methylene]-4-((2RS.4aRS,10bRS)-2-hydr^^ 
dimethoxy-1 ,2,3,4,4at1 Ob-hexahydro-phenanthridin-6-yl>-benzamide 

5. N,N.Diethyl-N4H4-((2RS,4aRS.10bRS>24iydroxy-*,9Kllmeft^ 
phenantlvidin-&-yl)-phenyf|Hnethanoyl}-guanidine and 

6. N-(1-Amino-1-^ocan-1-yl-methyleneH-((2RS,4aRS,10bRS)-2-hydroxy-8,9Kli 
1,2,3,4,4a,10b4iexahydro-phenanthridin-6-yl)-benzamfde, 

the salts of these compounds, as well as the N-oxides, enantiomers, ElZ isomers and tautomers of 
these compounds and their salts. 

8. Compounds of fonrnula 1 according to any of the preceding claims, which have with respect to 
the positions 4a and 10b the configuration shown in formula 1^' 




the salts of these compounds, as well as the N-oxides, enantiomers, E/Z isomers and tautomers of 
these compounds and their salts. 



9. Compounds of formula 1 according to any of the preceding claims, which have with respect to 
the positions 2, 4a and 10b, or, respectively, 3; 4a and 10b the configuration shown either in fomnula 
1 a***** or in formula 1 b*****: 
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ttie salts of these compounds, as well as the N-oxldes, E/2 Isomers and tautomers of these 
compounds and their salts. 

10. Compounds of the fbnmula 1 according to claim 1 for use in the treatment of diseases, 

11- A phannaceutlcal composition comprising one or more compounds of fonnula 1 accortiing to 
claim 1 together with customary phannaceutlcal excipients, diluents and/or vehicles, 

iZ The use of compounds of formula 1 according to claim 1 for the production of pharmaceutical 
compositions for treating respiratory disorders. 

13. A method for treating illnessesin a patient comprising administering to said patient a 
therapeutically effective amount of a compound of fonmula 1 as claimed in claim 1. 

14. A method for treating ainrt^ay disorders In a patient comprising administering to said patient a 
therapeutically effective amount of a compound of tbnmula 1 as claimed in claim 1, 
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